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ABSTRACT 


A  statistical  model  of  a  laser  designator  pulse  train 
is  developed.  The  model  is  applicable  to  the  quantification 
of  range  safety  hazards  associated  with  field  tests  of 
tactical  weapons  which  employ  lasers.  Numerical  results  of 
selected  test  cases  are  given. 

Input  variables  and  operating  procedures  for  the  computer 
programs  developed  to  print  and  plot  the  probability  of  hazard 
data,  as  well  as  isopleths  of  specified  probability  levels,  are 
presented  in  Appendix  A. 

An  interactive  safe  eye  distance  matrix  program  which 
provides  an  input  value  for  the  probability  model  is  described 
in  Appendix  B.  • 
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FOREWORD 


The  work  in  this  report  was  sponsored  by  the  Range 
Support  Division  (SESR)  of  the  Directorate  of  Systems 
Engineering  and  Range  Support  (SES)  at  the  Armament  Division 
(AD)  under  Contract  No.  F086 J5-79-C-0140  and  is  a  deliverable 
item  under  Study  Task  Order  No.  72-000-79-7.  The  work  was 
monitored  by  Mr.  Robert  H.  Thompson  and  Mr.  Lonnie  E.  Owen 
of  the  Ranue  Support  Division. 

The  computer  programs  described  herein,  and  certain 
panes  of  the  report  itself,  were  revised  under  Study  Task 
Order  No's  SESR  80-7  (15  December  1980),  SESR  81-1  (2  July  1981), 

and  SER  8 J  —  9  (1  March  1982),  and  represent  deliverable  items  for 
these  tasks. 
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1.0 


INTRODUCTION 


1 . 1  Study  Objective 

The  use  of  lasers  in  tests  of  tactical  weapon  systems 
induces  potential  hazards  to  individuals  in  the  test  area. 

The  objective  of  the  study  which  is  reported  here  is  to  furnish 
and  analyze  models  which  may  be  used  to  quantify  those  hazards. 
The  emphasis  of  the  analysis  is  directed  toward  determination 
of  the  likelihood  that  a  point  or  area  will  be  illuminated  by 
a  laser. 

1 .2  Background  Range  Safety  Studies 

This  study  is  part  of  a  series  of  study  task  orders 
written  by  AD  Range  Safety  pursuant  to  the  systematic  develop¬ 
ment  of  risk  assessment  associated  with  tests  of  tactical 
weapons  which  utilize  lasers. 

1.3  Study  Approach 

Studies  performed  in  the  past  have  described  the  bounds 
of  air  volume  and  surface  area  which  is  subject  to  radiation,  but 
those  studies  do  not  include  estimation  of  the  likelihood  of  the 
illumination  of  a  point.  Such  a  calculation  requires  a  model 
for  the  uncertainties  associated  with  pointing  the  center  of  the 
laser  beam.  The  present  study  is  organized  to  include  the 
following: 

A.  Based  on  a  literature  survey,  a  general  model  of  a 
laser  designator  beam  was  developed.  The  development  is  given 
in  Section  3. 

B.  Using  the  results  of  past  studies,  the  calculation  of 
the  probability  of  illumination  of  a  given  point  with  a  pulse 

of  energy  is  formulated  as  a  geometry  problem  on  a  unit  sphere 
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about  the  laser.  The  development  is  given  in  Section  3.2.3. 

The  questions  of  (1)  safe-eye-exposure  distance  and  (2)  the 
likelihood  that  a  radiated  individual  will  suffer  ocular 
damage  are  separable  from  the  question  of  the  probability  of 
illumination.  Those  questions  are  examined  in  Section  3. 2. 3. 5. 

C.  The  model  which  is  developed  is  exercised  for  some 
particular  cases.  The  example  cases  are  given  in  Section  4. 

1 . 4  Computer  Programs  Developed 

The  development  of  the  mathematics  leading  to  the 
determination  of  probability  of  hazardous  radiation  to  a  grid 
of  points  surrounding  the  target  during  a  test  period  required 
modification  of  an  existing  computer  program  for  verification 
of  the  statistical  model.  Subsequent  use  of  the  model  indicated 
the  need  for  enhancements  in  the  areas  of  laser  and  target 
input  position  data,  plot  limit  determination,  and  safe  eye 
exposure  distance  criteria. 

The  imposition  of  these  requirements  on  the  modified 
program  used  for  verification  led  to  the  development  of  program 
LPHP ,  the  Laser  Probability  of  Hazard  Program  and  program  SEED, 
a  Safe  Eye  Exposure  Distance  matrix  computation  program. 

Analysis  of  the  risk  involved  in  laser  operation  during 
a  test  period  also  utilizes  the  footprint  created  by  an  isopleth 
of  a  specified  level  of  probability  of  hazardous  radiation.  In 
order  to  provide  this  footprint,  in  isopleth  plotting  program 
generated  by  a  previous  study  was  modified  to  be  compatible  with 
a  disk  file  of  data  output  by  program  LPHP.  User  specification 
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of  the  probability  levels  to  be  plotted  are  input  variables  to 
LPHP. 


The  methods  of  accessing  and  executing  the  three  programs, 
as  well  as  the  input  variables  necessary  for  operation,  are 
described  in  Appendices  A  and  B. 
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2.0  CONCLUSIONS  AND  RECOMMENDATIONS 

2 . 1  Conclusions 

A.  The  model  of  the  behavior  of  a  laser  designator 
pulse  train  which  is  formulated  in  Section  3  of  this  report 
is  applicable  to  the  resolution  of  range  safety  questions 
arising  from  field  tests  of  weapons  which  employ  laser 
designators . 

B.  The  model  is  sufficiently  general  to  permit  its  use 
for  a  variety  of  laser  designators  and  rangefinders. 

C.  The  computer  programs  produced  for  evaluation  of  the 
statistical  model  provide  key  elements  uf  information  used 

in  the  analysis  of  risk  involved  in  laser  usage  during  testing. 

2 . 2  Recommendations 

It  is  recommended  that  the  software  developed  in  this 
study  be  used  to  determine  hazard  levels  associated  with  tests 
which  employ  lasers. 

It  is  also  recommended  that  program  SEED  be  executed 
from  a  remote  terminal  which  has  printer  capabilities  so  that 
the  matrix  of  safe  eye  exposure  distances  and  optical  density 
requirements  generated  may  be  retained  for  future  reference. 
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3.0  ANALYSIS 

3 . 1  Symbolism  and  Nomenclature 

The  symbols  and  names  which  were  employed  in  a  past 
study  are  used  in  this  report.  The  coordinate  systems  which 
are  utilized  to  describe  the  laser  cone  behavior  are  defined 
in  Table  3.1  below. 


Table  3.1 

Coordinate  Systems  and  Associated  Orthonormal  Vector  Sets 


Jinete  i'ytnbol 


Origin  with 
P*«p*Ct  to  tho 
(a.y.x)  Syate* 


Orthonormal 
Vector  Sot 
Located  ot 
tho  Origin 


Definition* 


;«.y.t) 


(o.o.o) 


(0,0,0)  1*  a  point  on  the  oorth  lurfac*  olthor 
given  or  derived  froe*  given  geodetic  coordinate* 
The  leter  1*  given  et  (l^.y,  ,rt>  end  the  target 
1*  given  at  (*t,yT,tt) . 

I  1*  poeltlve  to  the  north 

T  1*  poeltlve  upward 

h  la  poeltlve  to  the  eeet 

Poaltlon  Vector:  I  •  *1  •  •  «E 


iv.v.w) 


<V°'V 


lT,  containing  I.  and  T  lntereecte  the 


The  line.  I 

If  >lT  la  parallel  1 
(e.i)  plane,  then  (e|.0T»|)  -  («L . 0 , « t )  The 

plane  apanned  by  (Zj.Zj)  contain*  L  and  T, 

I,  and  t ,  -  J. 

Poaltlon  Vector:  I  •  ul,  ♦  vl?  ♦  vl( 


( - ) 


<WV 


Tho  reflecting  plane,  ng,  contain*  the  given 
point  U.-P,.*,)-  The  plane  y  *  y§  Intertecta 
(l§  along  the  coordinate  line  <•  The  normal  to 
1>  a  j ;  tj  Ilea  In  both  y  *  y%  and  *.  each  that 
ij  i  (  •  (aln»§) J.  ij  i  i 

*2  *  J  *  (etn»a)»j. 

Poaltlon  Vector : 


'*  ~  a 

tj  and 


WV 


<W*J> 


<«p.yp.rp)  It  the  Interaction  of  llT  vlth  r. 

If  llT  la  parallal  to  fl § .  t*p.fp*p)  *•  th* 
normal  projection  of  l  on  tg.  The  notaial  to  !!g  It. 
•  ji  < • ( . • j )  epene  a  plane  containing  L  and  T,  ! 

and  a,  a  a,  •  a. 


Poaltlon  Vector: 


la,  ♦  -e,  ♦  ta, 


l"  ) 


(W*i> 


T j  1*  a  unit  vector  at  the  later  directed 
toward  the  target,  ?2  •  Ij.  •«*<  *  Fj  ,0 

that  (Fj.Fj)  and  (Jj.Tj)  epan  the  earn#  plan* 


roaltlon  Vector: 


®iri 


2r: 
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Symbols  are  defined  as  they  occur  in  the  body  of  the 
report.  Some  principal  points,  vectors  and  angles  are  identi¬ 
fied  below. 

Points  in  the  (x,y,z)  coordinate  system. 

(xL,yL,zL)  is  the  laser  location.  A  test  description  will 
necessarily  include  (xL,yL,zL)  as  a  function  of 
time . 

(xT,yT,zT)  is  the  (time  dependent)  target  location. 

(x  ,y  , z  )  is  a  (time  dependent)  point  of  concern. 

C  v  v 

Vector  symbolism 

R^a  is  a  (general)  vector  to  point  b  from  point  a,  and 

the  component  distance  x^-xa  is  denoted  by  x^-xa  =  x^a. 
The  length  of  Rfea  is  R^Q.  In  particular, 
ktl  =  (xT-xL)I  +  (yT-yL)J  +  (zT~zL)k 

-  XTLr  +  W  +  ZTL1' 

RTL^3‘ 

Angles  6,  <p ,  am,  <p 

Let  "p  be  a  unit  vector  at  the  laser  with  an  identifying 
s 

dummy  subscript  "s".  Then  the  angles  6  tp  locate  "p 

o  i  S  S 

according  to  Figure  3.1.1  below: 
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That  is, 

pg  -  sin6gcosiJ>g]f^  +  sin68sin\|»sr2  +  cosfi^. 

Let  be  a  unit  vector  at  the  laser  positive  along  the 
centerline  of  the  laser  beam.  Then  am  is  the  maximum  angle 
of  excursion  of  away  from  that  is,  >_  cosam. 

The  angle  $  is  the  laser  beam  divergence  half-angle. 

If  d  is  the  initial  beam  diameter,  then  the  beam 
diameter  at  range  R  is  (d  +  2Rtan$)  which  for  small  angles 
is  (d  +  2R$) . 
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3 . 2  The  Laser  Beam  Model 

3.2.1  Problem  Definition 

It  is  assumed  that  the  laser  beam  is  approximated  by 
a  right  circular  cone  with  central  half-angle  <j>  and  the  p^  is  a 
(time-dependent)  unit  vector  from  the  cone  apex  along  the  cone 
centerline.  Questions  related  to  the  laser  energy  density  as  it 
is  influenced  by  atmospheric  scattering  and  turbulence  are 
addressed  in  a  past  study.  The  problem  here  is  to  model 
to  approximate  a  military  laser  designator. 

3.2.2  Distribution  of  and 

The  vector  p^  is  statistically  determined.  A 
literature  search  was  undertaken  to  located  p^  data.  The  most 
useful  data  related  to  characteristics  of  military  designators 
and  range  finders  were  located.  Those  data  are  used  as  the  basis 
for  a  model  for  the  distribution  of  6^  and  ^  . 

A  summary  histogram  of  the  distribution  of  6^  con¬ 
structed  from  data  obtained  from  test  missions  is  shown  in 
Figure  3. 2. 1.1,  p.  3-7.  The  distribution  has  a  maximum  6 of 
(approximately)  2  mils,  a  mean  of  y  ^  =  .362  mils  and  a  standard 
deviation  of  .30  mils. 

A  satisfactory  empirical  approximation  of  the 
figure  3. 2. 1.1  histogram  is  furnished  by  a  truncated  gamma 
distribution.  The  gamma  distribution  is 
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f .  (6)  -  - l_*a-le-6/b  0  <  6  <  -  3. 2. 1.1 

1  r(a)ba 

in  which  a  and  b  are  related  to  IT  and  a  by 

a  »  (w/o)2;  1/b  -  u/o2  3. 2. 1.2 

For  the  particular  data  from  a  past  study,  (measuring  S  in  radians) 
a  **  1.45604 

and  3 . 2 . 1 . 3 

1/b  =•  4022.2 

from  which 

(T (a)ba) -1  -  2.000722  x  105  . 

Truncation  at  S  °  .002  radians  requires  a  constant  such  that 

.002 

KnJ  -  1  3. 2. 1.4 

0  1 

which  yields 

1^=  1.00272.  3.2. 1.5 

In  figure  3. 2. 1.2,  p.3-8,  the  density  function  f  (6)  -  K^f  ^(6)  is 
overlaid  on  the  original  histogram  with  appropriate  scale 
changes . 

The  above  heuristic  development  furnishes  a  radial 
density.  More  to  the  point  ,  a  function  F(6,<l0  is  required 
such  that 

P  J1"  F(6 ,<J>)dS  -  1  3.2. 1.6 

';®0  6-0 

in  which  F(6,iJ0  is  the  density  function  and  dS  -  sin6d6d<|» 
is  the  differential  of  area  on  a  polar  zone  of  a  unit  sphere. 

The  data  from  a  past  study  indicate  that  more  error  is 
introduced  in  the  horizontal  direction  than  in  the  vertical  direc¬ 
tion  (i.e.,  the  distribution  of  ♦  is  not  uniform),  and  that  the 
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angular  tracking  accuracy  is  a  function  of  the  range  to  the 
target.  A  useful  idealized  model  may  be  obtained  by  deleting 
those  complicating  factors.  Assuming  a  uniform  distribution 

Of  It'. 

F (5,*)  « - — _  e“6/b6a"2  3.2. 1.7 

2*r(a)ba 

satisfies  3. 2. 1.6  and  3. 2. 1.1  (under  the  assumption  that  u 

m 

is  small). 

Estimates  of  the  maximum  size  of  are  based  on 

m 

a  previous  study.  Those  estimates  are: 


in 

10  mils 

5  mils 
2  mils 


Mode  of  Use 

hand  held  designator  or  moving  platform 
without  gyro-stabilization, 
light  tripod  or  a  moving  ground  vehicle 
heavy  static  base  or  an  aircraft  with  a 
stable  platform 


Using  equations  3. 2. 1.1  and  3. 2. 1.2  and  assuming 
that  the  particular  model  developed  above  is  characteristic 
of  laser  designators,  one  obtains  the  general  model 


f(0 


r (a)ba 


in  which 


a  -  1.456 
b  •  ,1243a. 


and 


1/Km  "  ^”(r(a)ba)"l6a"1e”6/bd6 


3.2. 1.8 

3. 2. 1.9 

3.2.1.10 

3.2.1.11 


3-6 


3.2.3  Probability  of  Illumination 

3. 2. 3.1  Restriction  of  the  General  Problem 

The  analysis  of  many  range  safety  questions 
arising  from  field  tests  of  weapons  which  employ  laser  desig¬ 
nators  can  be  formulated  so  that  the  central  computational 
question  is:  What  is  the  probability  that  a  single  point 
will  be  illuminated  by  a  single  pulse  of  a  laser?  Given  the 
answer  to  that  question,  one  may  synthesize  answers  to  the 
more  general  question:  What  is  the  probability  that  an  area 
or  volume  or  moving  target  will  be  illuminated  during  a  test? 
The  following  subsection  addresses  the  specific  question. 

3. 2. 3. 2  Illumination  of  a  Point  by  a  Laser  Pulse 
The  coordinate  definition  for 

(xL,yL,zL),  the  laser  location 
(xT,yT,zT),  the  target  location 
^xC,yC,zC^’  location  of  a  point  of  concern 

is  given  in  subsection  3.1. 

If  is  a  unit  vector  along  the  positive  axis  of  the 
laser,  if  RCL  ■  RCLPC»  and  if  0  is  the  laser  beam’s  half-angle 
divergence,  then  (xc,yc,zc)  is  illuminated  (by  direct 
radiation)  if 

(1)  p£*pc>  cos4> 


(2)  Rcl  <  R 


seed 


in  which  Rgee(j  Is  the  single  pulse  safe-eye-exposure-distance. 
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The  calculation  of  Rgeecji  which  is  separate  from  the  calcu¬ 
lation  of  D^*r,c»  is  given  in  a  previous  study.  It  is  noted  that 
sufficient  assumptions  are  made  to  assure  that  Rseetj  is  a 
real  variable,  but  Fj  is  a  random  variable. 

The  geometry  of  pl  and  pc  is  pictured  in  three  figures. 
Figure  3. 2. 3. 2.1,  p.3-13,  exhibits  gross  geometry  relating 
some  coordinate  systems.  Figure  3. 2. 3. 2. 2,  p.3-14,  shows  some 
relevant  minor  circles  on  the  unit  sphere  about  the  laser, 
and  Figure  3. 2. 3. 2. 3,  p.3-14,  shows  a  section  of  the  unit 
sphere  for  the  case  in  which  the  laser  cone  contains  the  f^ 
axis.  (The  laser  is  treated  as  a  point  source;  if  it  is 
consequential,  compensation  can  be  made  for  the  initial  laser 
beam  diameter  by  moving  the  laser  in  the  negative  direction 
to  a  virtual  point  source  location.) 

Referring  to  Figure  3. 2. 3. 2. 2,  the  probability,  P(6  ), 
that  pf*oc>cosO  is  the  probability  that  p£  terminates  in  the 
minor  circle  mc^.  That  is, 

P(6C)  *  //  F<6-*>dS  3. 2.3.1 

S 

in  which  S  is  the  surface  bounded  by  the  minor  circle  m_.. 

C  $ 

If  spherical  coordinates,  ip,6,  are  used,  the  limits  of 
integration  for  eqn.  3. 2. 3.1  depend  on  whether  the  pole  F3 
is  contained  in  the  circle  mc^. 
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Suppose  <$c>4>.  Then  the  geometry  of  Figure  3. 2. 3. 2. 2  is 
valid  and  eqn.  3. 2. 3.1  is 


<Sc+4> 


P («r>  -  2 


6c-$  \p=0 


-6/bja-2 


nr(a)b‘ 


sin6d6dijj 


d6 

Trr(a)ba  J 


3. 2. 3. 2 


The  assumption  which  is  made  in  eqn.  3.2. 3.2  that  sin6=6  is 

valid  for  the  small  values  which  a  may  assume. 

m  J 

To  express  AiJ>k,  use  Figures  3.1.1  and  3. 2. 3. 2. 2: 


Pk  =  sin6kcos(i|<c-A^k)F1+sin6ksin(^c-A^k)F2+cos<5kf3 
Pc  *  sin6cco^t/»cF^  +  sin6csini^cf2  +  cos^f^ 


3. 2. 3. 3 


from  which 


Pk*Pc  ■  sin6ksin5ccosAi|ik  +  cos6ccos6k  =  cos<t> 


Ai/>k  =  cos 


cos4»-cos<S(,cos6k^ 

sin6_sin6.  } 

*  C  k  / 


3. 2. 3. A 


3. 2. 3. 5 


In  equation  3. 2. 3. 5,  A^k  is  bounded  by  o  and  it. 

The  integral  3.2.1.11  was  evaluated  using  a  trapezoid 

rule  with  a  Hewlett-Packard  65,  and  it  was  found  that  an 

integration  step  of  am/200  is  sufficiently  fine. 

Let  n^  be  an  integer  such  that 

n,  >  (200)  3. 2. 3.6 

L  am 

then,  eqn.  3. 2. 3. 2  is  approximated  by 
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— a*k«'sk/b«k"1 
nr(a)ban1  k=l  K 


3. 2. 3. 7 


in  which  5^  “  6C  +  4>  ) 

If  4>>5C,  the  circle  m^  contains  the  pole  and  the 
geometry  of  Figure  3. 2. 3. 2. 3  is  used  to  express  the  integral 
of  eqn.  3. 2. 3.1.  In  this  case,  choose  integers  nj  and  n^ 
such  that 


26C 

n2  (200) 


n3  1. 


m 

nl"n2 


3. 2. 3. 8 


Then 


r*+6C  A  Klne‘6/b6a‘2sin6d5dt(-  A6C  -6/b.a-l 


P(«c)  -  2f  f  -tn-  -  ■“Iu“u“y  +  (  "_e^ 

J  J  2tr  r  (a)ba  J  m  r( 


5°  ‘d6 


a 


<J>  — 6C  i|/*=0 


can  be  approximated  by 


0 


a)bc 
3. 2.3.9 


?(«c)  -  - j  l2  4+ke’<k/l’sk*'1  +  -^-T  l3  (kd)a-1e-kd/b 

n2»r(a)ba  k-1  k  k  r(a)ba  k«l 


m  which  6.  *  4>+6r(l-  and  d  =  - - 

k.  ^  n2  n^ 


3.2.3.10 


If  <5C  “  0,  the  first  term  of  eqn.  3.2.3.10  disappears 


and 


in  which 


P<« ,)  -  -^4  ?3  (kd)a-1e-(kd>/b 
c  r  (a)ba  k-1 

<f> 


3.2.3.11 


n3  n3 
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3. 2. 3. 3  Formula  Summary 


The  formulas  developed  in  section  3. 2. 3. 2  and  shovn 
by  the  flow  diagram  on  page  4-3  are  collected  below: 

If  Rcl=  RclPc  and  Pc‘^3  =  cos<$c,  then  the  probability 
P ( <S c )  that  (xc,yc,zc)  is  illuminated  by  a  single  laser  pulse 
is  calculated  as  follows: 

(1)  Laser  characteristics  a  and  4>  are  given. 

(2)  Integers  n^,  n2>  are  determined  such  that 
nl  400<J>/an;  ri2  4006c/am;  n^  ^  (nl~n2^^ 

(3)  Constants  a,b,d,Km  and  ft  are  determined  according 
to  a  :  1.456;  b  =  1.243a  ;  d  =  (<i-6.)/n, 

m  v  j 

(K)'1  =  |m  - 6a-1exp(-6/b)d6  ;  ft  =  K  /T(a)ba 

m  0  T(a)ba  m 

(4)  Functions  of  the  index  k  and  the  parameter  f ^  are 
defined  according  to 


=  cos  ^  ( (cos4> -cosSccos6^) /sinfipSinfi^) 
Hk  =  (A>l'k)^ka-1exP(-(5]<./t') 

G^  =  (kd)a  ^exp(-kd/b) 

(5)  P(6  )  is  determined  by  the  formulas: 

n-i 

(a)  If  6  >4»,  P(5C)  =  (2^/7^)  V  Hk 

k=l 

in  which  6k  =  6c+4>(l-(2k-l)/n1)  . 

(b)  If  <+>> 6C>0 , 

P(6C)  =  (26cn/»n2)  |f1Hk+dn|^1Gk 

in  which  6^  =  <f>+6c  (1- (2k-l) /n^)  . 

(c)  If  6C  =  0, 

P(ec)  -  43  ok  . 

k=l 
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3. 2.3.4  Illumination  of  a  Point  During  a  Test 

A  typical  laser  designator  may  have  a  pulse  width 

-8 

of  2x10  seconds  and  a  pulse  frequency  of  10  pulses  per  second. 

It  is  probable  that  the  location  of  the  laser  cone  centerline 
at  the  time  of  a  single  pulse  is  correlated  with  its  location 
at  the  time  of  the  previous  pulse.  However,  one  may  argue, 
empirically,  that  the  correlation  is  weak.  Observation  of 
a  laser  spotlight  located  kilometer  distances  from  the  source 
reveals  a  high  frequency  jitter  about  the  target  point.  Part 
of  this  jitter  results  from  air  turbulence  and  cannot  be 
removed  by  stabilization  of  the  laser  platform.  Thus, 
together  with  other  idealizing  characteristics  of  the  model, 
it  is  assumed  that  the  location  of  pulse  images  in  a  pulse 
train  are  not  correlated. 

Suppose  that  a  test  plan  is  furnished  in  a  form 
so  that  the  locations  of  the  laser,  the  target  and  the  point 
of  concern  are  given  as  functions  of  time.  If  the  laser 
is  active  from  time  t^  to  time  tjj  and  the  pulse  frequency  is 
10  pulses  per  second,  then  the  point  of  concern  is  potentially 
subject  to  illumination  N  =  lO(t^-t^)  times:  say,  t^.tg,..., 

. tN.  If  P(6ci)  is  the  probability  that  (x(,(ti)  ,yc(ti)  ,zc(ti)) 

is  illuminated  at  time  t^,  then  the  probability,  Pc,  that  the 
point  of  concern  is  illuminated  at  least  once  during  the  test 
is 


N 

Pc  =  1-JI  (1-P(«cl))  .  3. 2. 3. 4.1 
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3. 2. 3. 5  Conditional  Probability  of  Ocular  Damage 

No  statistics  were  located  concerning  the  likeli 
hood  that  individuals  who  are  illuminated  will  be  oriented 
to  receive  and  focus  the  pulse  of  radiation.  From  a  range 
safety  point  of  view  (until  a  more  convincing  model  is 
developed),  it  is  prudent  to  assume  that  a  test  is  an 
attractive  nuisance  and  that  the  probability  that  an  illumi¬ 
nated  individual  will  face  the  laser  source  is  high.  Since 
Nd-YAG  radiation  is  not  visible,  an  individual’s  protective 
blinking  response  to  bright  light  furnishes  no  protection. 

3. 2. 3.6  Probability  of  Illumination  by  Specular 
Reflection 

The  process  of  calculation  of  the  probability  of 
illumination  of  a  point  by  a  single  pulse  of  reflected 
radiation  is  described  in  a  past  study.  The  mechanics  of 
determining  the  angle  5C  are  in  this  previous  study,  and 
in  fact 

cos6c  »  ^Lr^  3.2.3. 

The  variables  in  eqn.  3. 2. 3. 6.1  are  expressed  using  all  of 
the  transformations  of  table  3.1. 

One  may  construct  examples  for  which  the 
contribution  to  the  probability  of  illumination  of  a 
point  comes  entirely  from  specular  reflection. 
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4.0  TEST  PLAN  SIMULATION 


The  mathematics  developed  in  section  3,  and  three- 
dimensional  plotting  subroutines  generated  by  a  previous  study 
were  incorporated  into  program  LPh'P  (Appendix  A)  to  provide  test 
cases  and  examples  for  this  study.  A  flow  diagram  cf  the  model 
is  shown  by  Figure  4.0.1,  p.  4-3. 

The  geometry  of  the  test  plans,  and  the  laser  character¬ 
istics  of  the  test  cases  are  described  in  the  following 
paragraphs . 

4 . 1  Test  Case  Descriptions 

All  of  the  test  cases  used  a  distribution  of  the  radial 
miss  angle  (J„)  constructed  from  a  past  study  as  shown  in  Figure 
3. 2. 1.2,  p.  3-8.  A  summary  of  the  values  used  to  produce  the 
distribution  follows: 

Laser  beam  pointing  uncertainty  cv  „  -  .002  radians* 

max 

Laser  beam  half-angle  divergence  $  *  .0005  radians* 

Standard  deviation  of  the  distribution  o  ■  .3  mils* 

Mean  of  the  distribution  u  “  .362  mils* 

(p/o)2  a  -  1.45604 

o2/u  b  -  2.4862  x  10‘4 

Truncation  constant  for  K_  ■  1.00272 

The  geometry  of  the  test  cases  is  described  by  a  rectangular 
cartesian  coordinate  system  in  which  positive  x  is  north,  positive 
z  is  east,  and  positive  y  is  normal  to  the  xz  plane  in  an  upwards 
direction . 

*LPHP  input  values 
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The  plots  present  a  visual  representation  of  the  probability 
that  a  single  point  (the  intersection  of  an  x  and  z  grid  line) 
will  be  illuminated  during  the  test. 


r 


Flow  Diagram  of  Model 
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4.1.1  Case  1:  Moving  Laser,  Stationary  Target 

In  test  case  1,  the  laser  is  moving  at  a  rate  of 
900  ft/sec  in  an  arc  whose  radius  is  10000  feet.  The  time 
period  is  10  seconds,  and  the  pulse  frequency  of  the  laser  is 
tenths  of  seconds.  The  positions  of  the  laser  are  computed 
from  the  following  equations: 

x.  (ft)  =  25000.  -  10000.  sin  ~ 

L  i 

yL  (ft)  =  400. 

zL  (ft)  =  10000.  (1  -  cos  ^) 
where  t  =  .In 

n  =  0,1,2,... ,100 

The  target,  in  this  test  case,  is  located  at  the  origin  of  the 
coordinate  system. 

xT  (ft)  ■  0.0 
yT  (ft)  =0.0 
zT  (ft)  =  0.0 

The  relative  positions  of  the  laser  and  target  are  shown 
in  Figure  4. 1.1.1,  while  the  probabilities  of  illumination  of 
points  surrounding  the  target  are  plotted  in  Figure  4. 1.1. 2, 
p.  4-6.  Numerical  values  of  the  probabilities  are  listed  in 
Figure  4. 1.1. 3,  p.  4-7.  A  plot  of  the  locus  of  points  for  which 
the  probability  of  illumination  is  10~2  (i.e.,  the  10“  2  isopleth) 
is  given  in  Figure  4. 1.1. 4,  p.  4-8.  To  construct  the  figure 
4. 1.1.4  isopleth,  the  granularity  of  the  figure  4. 1.1. 3  array 
was  refined  to  contain  1600  points. 
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4.1.2  Case  2:  Moving  Laser,  Moving  Target 

The  laser  positions  for  test  case  2  are  those 
described  in  test  case  1.  The  target,  in  test  case  2,  is  assumed 
to  move  in  the  xz  plane  along  the  z  axis  at  a  rate  of  70  ft/sec, 
and  does  not  deviate  from  the  x  axis: 
x  =  0.0 
y  =  0.0 
z  =  70t 
where  t  =  . In 

n  =*  0,1,...,  100 

The  relative  positions  of  the  laser  and  target,  the  plots 
of  the  probability  of  illumination  data,  and  the  numerical 
probability  data,  are  shown  in  Figures  4.1. 2.1,  4. 1.2. 2,  and 
4. 1.2.3,  pp.  4-10,  4-11,  4-12. 
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Case  2 


Moving  Laser,  Moving  Target 
Probability  of  Illumination 


x  (ft) 

Figure  4. 1.2.2 


4-11 


CASE  2 


MOVING  LASER.  MOVINC  TARGET 
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A. 1.3  Case  3.  Moving  Laser,  Stationary  Target 

The  laser  in  this  test  case  is  moving  on  the  x  axis 
towards  the  origin  of  the  coordinate  system  at  a  rate  of  one 
foot  per  second,  originating  at  a  point  25000  feet  from  the 
origin.  The  height  of  the  laser  is  400  feet  above  the  xz  plane, 
x  (ft.)  =  25000.0  -  t 
y  (ft.)  =  400.0 
z  (ft.)  =  0.0 
where  t  =  .  In 

n  =  0,1,..., 100 

The  target  is  located  at  the  origin. 

The  laser-target  configuration  is  shown  in  Figure  4. 1.3.1; 
the  plots  of  the  probability  data  and  the  the  numerical  values 
are  presented  in  Figures  4. 1.3.2  and  4. 1.3. 3,  pgs .  4-15  and  4-16. 
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Case  3 

Moving  Laser,  Stationary  Target 
Relative  Positions 
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Figure  4. 1.3.1 
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Figure  4. 1.3.3 
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4.1.4  Case  4:  Single  Time  Point 


It  is  desirable  to  know,  for  a  single  pulse  of  the 
laser,  the  probability  of  illumination  of  the  points  surrounding 
the  target.  Test  case  4  presents  the  probability  for  a  single 
pulse  with  the  target  located  at  the  origin,  and  the  laser 
located  at: 

x  -  20000.  ft. 
y  =  400.  ft. 
z  =  0.0  ft. 

The  plot  of  the  probability  of  illumination  of  the  surrounding 
points,  and  the  numerical  data  of  these  probabilities  are  shown 
in  Figures  4. 1.4.1  and  4. 1.4. 2,  p.  4-18  and  4-19. 
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APPENDIX  A 


A. 1  Laser  Probability  of  Hazard  Program,  LPHP 
A. 1.1  Input  and  Processing 

Program  LPHP  is  designed  to  operate  upon  data  and  data 
base  constants  contained  in  card  decks,  or  card  deck  image  disk 
files.  These  decks  or  files  may  be  created  by  employing  the 
EDITOR  mode  of  the  CDC  6600/Cyber  176  computer  system;  by  punching 
cards  on  an  029  IBM  keypunch,  or  by  executing  the  Laser  Interactive 
Data  base  Input  (LIDI)  program  which  was  written  to  create  disk 
file  input  for  LPHP. 

Execution  of  program  LPHP  may  be  initiated  from  a  remote 
terminal  in  either  the  "batch"  mode,  or  the  intercom  mode.  If 
card  decks  are  employed  for  input,  the  program  may  be  executed 
in  the  "batch"  mode  only. 

Batch  mode  processing  requires  the  addition  of  a  job 
control  stream  of  instructions  to  the  CDC  6600/Cyber  176  computers 
immediately  prior  to  the  data  base  input.  There  are  four  basic 
rules  concerning  the  job  stream  deck: 

1.  The  first  card  must  be  a  standard  Job  card. 

2.  All  permanent  files  that  will  be  used  in  the  execution, 
including  the  LPHP  and  LISP  (if  desired)  binary  files, 
must  be  defined  in  the  job  stream. 

3.  All  lines  in  the  stream  must  terminate  with  a  period  or 
right  parenthesis. 

4.  The  job  stream  file  must  be  terminated  by  an  *EOR 
(7,8,9  punch  in  column  1). 
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Data  base  constants  may  be  entered  in  one  of  two  ways 


when  operating  the  "batch"  mode.  The  user  has  the  option 
of  placing  the  data  base  file  in  a  permanent  file,  and  "attaching" 
it  in  the  job  stream  file;  or,  the  data  base  disk  file  (deck) 
may  follow  the  *EOR  (7,8,9)  line  of  the  job  stream  file.  The 
last  lines  (cards)  of  any  "batch"  job  must  be  an  *EOR  (7,8,9) 
followed  by  an  *EOF  (6, 7, 8, 9)  line. 

Jobs  are  executed  in  the  "batch"  mode  from  a  remote 
terminal  by  entering  the  command:  BATCH, JFN, INPUT  where  JFN 
is  the  local  file  name  of  the  job  stream. 

Execution  of  jobs  in  the  intercom  mode  requires  that  all 
inputs  utilized  by  the  job  reside  in  local  files  at  execution 
time.  Initiation  of  execution  is  accomplished  by  enterinc  the 
command:  LPHPN , DBC ,  where  N  is  the  version  number  of  LPHP  and 

DBC  is  the  disk  file  of  data  base  input. 

If  the  target  and/or  laser  position  data  are  to  be  input 
from  disk  files,  these  files  must  be  named  TAPE 1 3  and  TAPE11  when 
they  are  used  (i.e.,  in  the  job  stream  if  batch  mode  operation; 
in  local  files  if  intercom  mode) .  They  may  exist  under  different 
permanent  file  names,  however,  so  that  multiple  flight  paths 
may  be  retained. 

A.  1 . 2  Output 

The  output  from  program  LPHP  is  the  probability  of 
hazardous  radiation  incurred  by  each  intersection  of  20  abscissa 
and  20  ordinate  grid  lines  in  the  ground  plane  during  a  period  of 
laser  operation.  The  probability  values  are  presented  in  a 
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histogram  plot  and  in  tabular  form 


Probability  data  written  to  TAPE25  for  subsequent  plotting 
by  program  LISP  to  obtain  isopleths  of  hazardous  probability 
levels  are  computed  frofn  a  4  3  by  43  grid. 

A. 1.3  Examples  of  Methods  of  Execution 

The  following  file  names  will  be  used  in  the  examples: 

File  Name  Description 

LPKPN  Binary  object  file  of  the  program 

DBC  Data  base  input  (stored  in  ID  XX) 

JCC  Job  control  cards 

TAPE11  Disk  file  containing  laser  position  data  (ID  XX) 

TAPE13  Disk  file  containing  target  position  data  (ID  XX) 

LISPN  Binary  file  of  isopleth  plot  program 

TAPE25  LPHP  output  for  LISP  input 

Note :  The  suffix  N  attached  to  the  binary  files  represents 

a  version  number  for  compliance  with  the  Software  Control 
System  developed  under  Study  Task  Order  SESR  80-3  (12  August 
1980) .  The  proper  version  number  may  be  obtained  by  an 
AUDIT  command  of  ID=XY. 

The  password  (PW= - )  attached  to  the  binary  files  may 

be  obtained  from  the  Range  Safety  Software  Monitor. 


Example  1 : 

Card  deck  input,  laser  position  on  disx. 

Job  card 

ATTACH , LPHPN , ID=XY, PW= - . 

ATTACH , TAPEll , ID=XX . 

LPHPN. 

7/8/9  (multipunch  col.  1) 

Data  base  deck  here 
7/8/9  (multipunch  col.  1) 

6/7/8/9  (multipunch  col.l) 

Output  results  and  plots  automatically  generated. 
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Example  2: 


Batch  mode  file  JCC ,  target  position  on  disk. 
Job  card 

ATTACH , LPHPN , ID=XY , PW= - . 

ATTACH, DBC, I D=XX. 

ATTACH, TAPE1 3 ,ID=XX. 

LPHPN, DBC. 


To  execute  JCC  from  the  remote  terminal,  move  JCC  into 
a  local  file  and  enter  the  command:  BATCH, JCC, INPUT. 


Example  3: 


Intercom  execution  from  disk  file  (TAPE5)  created  by 
program  LIDI.  Laser  and  target  position  data  reside  in  ID=XX 
under  file  names  LASPOS  and  TARPOS. 


Step  1 
Step  2 
Step  3 
Step  4 
Step  5 
Step  6 
Step  7 
Step  8 
Step  9 


ETL ,500 

ATTACH , TAPE 1 1 , LASPOS , ID=XX 
ATTACH , TAPE 1 3 , TARPOS , ID=XX 

ATTACH, LIDIN, ID=XY,PW= - 

CONNECT, INPUTOUTPUT 
LIDIN 

DI SCONT , INPUT , OUTPUT 
LPHPN 


Step  9:  PAGE, OUTPUT  to  examine  tabular  results 

Step  10:  DISPOSE, FILMPL,FL=CU1  to  obtain  histogram  plots 
Step  11:  DISPOSE, OUTPUT, PR=CU1  to  obtain  tabular  results 
A. 1.4  Processing  Program  LISP 

If  isopleth  plots  are  desired,  program  LISP  may  be  executed 

in  either  the  batch  or  intercom  mode. 

In  examples  1  and  2  of  Section  A. 1.3,  execution  of  program 

LISP  is  accomplished  by  adding  the  statement 


ATTACH, LISPN,ID=XY,PW=- 
LISPN . 


immediately  after  the  LPHPN  execution  card. 
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Intercom  execution  of  program  LISP  requires  the  following 


steps  to  be  added  to  those  in  Example  3  of  Section  A. 1.3: 

Step  12:  ATTACH, LI SPN , ID=XY,PW= - . 

Step  13:  LISPN 

Step  14:  DISPOSE, FILMPL,FL=CU1 

Isopleth  plots  of  the  data  generated  by  program  LPHP 
(on  TAPE25)  at  the  levels  specified  in  the  data  base  constants 
for  LPHP,  are  produced  from  these  instructions.  One  plot, 
containing  up  to  two  isopleth  levels,  is  produced  for  each  SEED 
value  entered  into  LPHP  via  the  data  base  constants. 

A  sample  isopleth  plot  generated  by  LISP,  utilizing  the 
data  produced  by  LPHP  for  Case  1,  Section  4.1.1,  follows. 

A. 1.5  Batch  Mode  Data  Base  Inputs 

A  standard  field  format  of  12  columns  per  input  variable 
has  been  established  for  this  program.  The  beginning  columns  for 
each  field  are,  therefore: 

2,  14,  26,  38,  50,  62 

Each  input  value  may  be  a  floating  point  or  exponential 
value  (integers  not  allowed) .  Floating  point  numbers  may  be 
located  anywhere  in  the  field,  exponential  values  must  be  right- 
justified  in  the  field. 

The  first  line  of  the  deck  is  an  alphameric  identifier 
for  the  run,  and  contains  user  information  in  columns  2  through  72. 

Termination  of  the  program  occurs  by  entry  of  the  word  END 
in  columns  3-5. 
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Group  1 :  Option  Choices 

Card  Field  Description 

1  1  Problem  type: 

2.  =  Stationary  target,  moving  laser. 

5.  =  Moving  target,  moving  laser. 

8.  =  Stationary  target,  stationary  laser. 

Note :  Cases  involving  reflective  surfaces  are 

not  permitted  in  LPHP. 


Group  2 :  Data  Base  for  All  Options 


Card  Field 


Description 


1 

2 

2a 

2b 


1  Number  of  SEED  values  to  follow  (Max.  =  3, 

one  plot  per  SEED) 

1  First  SEED  value  (feet) 

1  Second  SEED  value  (feet) 

1  Third  SEED  value  (feet) 


3 


4 


5 


1  Mean  of  the  gamma  function  (y) 

2  Standard  deviation  of  the  gamma  function  (o) 

3  Beam  divergence  of  the  laser  (mils,  full  angle) 

4  Isopleth  plot  value  no.  1  (ex  l.E-02) 

5  Isopleth  plot  value  no.  2 

1  Maximum  excursion  angle  (mils)  (same  as  laser 
beam  cone  pointing  uncertainty) 

2  Target  input  system  l.=Geodetic,  0 ,=Rectangular 

3  Laser  input  system.  1 . =Geodetic , 0 . =Rectangular 

1  Geodetic  latitude  of  the  coordinate  system  to 
which  rectangular  data  are  referenced.  (Degrees, 
north  positive) 

2  Geodetic  longitude  of  the  coordinate  system  to 
which  rectangular  data  are  referenced.  (Degrees, 
east  positive) 


Group  3 : 


Data  Base  Input  for  Problem  Type  2. 


Card  Field 


Description 


1 


1  Time  (may  be  first  time  of  laser  position) . 

2  Target  Latitude  (deg.,  north  pos.)  or  target  X 
(north;  feet) . 

3  Target  Longitude  (deg.,  east  pos.)  or  target  Z 
(east;  feet) . 

4  Target  altitude  (feet)  or  Y  (up;  feet) . 
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Card 


Card 


n+2-m 


Field 


Description 


1.  =  Laser  position  data  follow  this  card. 

0.  =  Laser  position  data  reside  on  disk  (Tape  11)* 

Insert  these  cards  only  if  card  3,  field  1=1. 

Time  (may  be  seconds,  or  any  sequential  number) . 
Laser  Latitude  (deg.,  north  pos.)  or  target  X 
(north;  feet) . 

Laser  Longitude  (deg.,  east  pos.)  or  target  Z 
(east;  feet) . 

Laser  Altitude  (feet)  or  target  Y  (up;  feet) . 
9999999.  Last  card  of  this  set 


S  1  ©  END  (title  card) 

Group  4 :  Data  Base  Input  for  Problem  Type  5. 


Field 


Description 


1.  =  Moving  target  position  data  follow  this  card. 

0.  =  Moving  target  position  data  reside  on  disk 
(TAPEl 3 ) * 

1.  =  Moving  laser  position  data  follow  this  card. 

0.  =  Moving  laser  position  data  reside  on  disk 
(TAPEl 1 ) * 

Enter  these  cards  only  if  card  1,  field  1=1. 

Time  (may  be  seconds,  or  any  sequential  number, 
but  must  agree  with  laser  position  time) . 

Target  Latitude  (deg.,  north  pos.)  or  X  (north,  feet) 
Target  Longitude  (deg.,  east  pos.)  or  Z  (east,  feet). 
Target  altitude  (feet)  or  Y  (up;  feet) . 

9999999.  =  Last  card  of  this  set. 

Enter  these  cards  only  if  card  1,  field  2=1. 

Time  (may  be  seconds,  or  any  sequential  number, 
but  must  agree  with  target  position  time) . 

Laser  Latitude  (deg.,  north  pos.)  or  X  (north,  feet). 
Laser  Longitude  (deg.,  east  pos.)  or  Z  (east,  feet). 
Laser  altitude  (feet)  or  Y  (up;  feet) . 

9999999.  =  Last  card  of  this  set. 


(7)  END  (title  card) 
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Data  Base  Input  for  Problem  Type  8. 
Field  Description 


1  Target  Latitude  {deg.,  north  pos.)  or  X  (north, feet) 

2  Target  Longitude  (deg.,  east  pos.)  or  Z  (east, feet). 

3  Target  altitude  (feet)  or  Y  (up, feet). 


1  Laser  Latitude  (deg.,  north  pos.)  or  X  (north , feet) . 

2  Laser  Longitude  (deg.,  east  pos.)  or  Z  (east, feet). 

3  Laser  altitude  (feet)  or  Y  (up, feet). 

1  END  (title  card) . 
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A. 2  Sample  Outputs:  LPHP  and  LISP 


The  printed  probability  data,  the  probability  histograms, 
and  the  isopleth  plots  presented  in  this  section  were  computed 
from  the  data  base  created  by  program  LIDI,  and  a  target/laser 
scenario  as  described  by  Case  1  in  Section  4.1.1  of  this  report. 
Creation  of  ten  seconds  of  moving  laser  position  data  was  accom¬ 
plished  by  a  FORTRAN  V  computer  program  which  employed  the  equations 
shown  on  Page  4-4  of  this  report.  These  data  were  entered  into 
LPHP  as  TAPE11. 

The  printed  output  is  shown  for  only  one  of  the  SEED  values 
entered  in  the  LPHP  data  base  input.  Since  both  SEED  values 
were  large  enough  for  all  points  to  be  valid,  the  probability 
data  were  identical.  This  accounts  for  the  similarity  between 
the  two  histograms  and  isopleth  plots. 
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APPENDIX  B 


B . 1  Safe  Eye  Exposure  Distance  Program,  SEED 

The  interactive  safe  distance  program,  SEED,  has  been 
designed  to  provide  a  comprehensive  estimate  of  safe  distances 
and  optical  density  requirements  for  a  given  set  of  conditions 
for  a  laser  radiating  as  a  point  source  • 

The  printed  results  include: 

1.  A  list  of  the  laser  data  and  optical  aid  device 
specifications . 

2.  The  Air  Force  Category  of  the  laser  as  determined 
from  the  input  characteristics. 

3.  The  maximum  permissible  exposure  levels  for  ocular 
exposures  to  point  sources  and  extended  sources, 
and  skin  exposure. 

4.  The  optical  density  required  for  eyes  and  skin  at 
the  laser  aperture. 

5.  The  safe  distance  for  unprotected  eyes,  not  aided 
by  an  optical  device. 

*6.  The  safe  distance  for  eyes  aided  by  an  unfiltered 
optical  device. 

*7.  The  safe  distance  for  eyes  unaided  by  an  optical 
device  and  protected  by  eyewear  of  a  specified 
optical  density. 


‘Presentation  of  printed  results  determined  by  user  option. 
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*8.  The  safe  distance  for  eyes  aided  by  an  optical 

device  employing  a  filter  of  a  specified  optical 
densi ty . 

*9.  The  optical  density  required  for  protective  eyewear 
used  at  a  given  distance  from  the  laser. 

*10.  The  optical  density  requirement  for  an  optical  aid 

device  filter  used  at  a  given  distance  from  the  laser. 

11.  Air-to-ground  safe  exposure  distances  for  single  and 
multiple  pulse  exposures  for  six  atmosphere  models. 

The  distances  are  calculated  for  unprotected  eyes, 
and  for  eyes  aided  by  an  unfiltered  optical  device. 

12.  Safe  distance  curves,  in  the  form  of  deflection ( from 
the  vertical)  angle  vs  distance,  from  a  user-specified 
altitude.  The  curves  are  generated  for  six  model 
atmospheres,  single  and  multiple  pulse,  for  unprotected 
eyes  and  eyes  aided  by  an  optical  device. 

Under  previous  studies,  all  safe  distance  values  were  con¬ 
verted  to  the  metric  system. 

The  calculations  of  items  4  through  10  are  performed  for 
single  and  repetitively  pulsed  lasers  (single  only,  if  CW  laser), 
and  presented  in  matrices  of  varying  degrees  of  atmospheric 
turbulence  and  extinction  conditions  at  sea  level. 

Program  SEED  does  not  currently  compute  the  safe  exposure 
distances  or  optical  density  values  for  lasers  radiating  as 
extended  sources,  or  for  diffuse  reflection  viewing. 
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Maximum  permissible  exposure  values  for  extended  source 
viewing  have,  however,  been  included  in  the  program  for 
probable  future  use. 

The  basis  for  the  calculations,  and  the  tables  utilized 
by  proqram  SEED  were  obtained  primarily  from  A.FOSH  Standard 
161-10,  30  May  1980.  The  reader  is  urged  to  obtain  a  copy  of 
161-10  for  use  in  conjunction  with  this  document.  Tables  1 
through  7  of  161-10  have  been  included  in  this  document  as  a 
ready  reference. 

The  input  variables  to  program  SEED  consist  of  laser 
characteristics ,  optical  aid  device  specifications,  protective 
eyewear  specifications,  and/or  user  choices.  Prior  to 
o.NCCutidn  of  the  program,  the  user  should  assemble  the  following 
i  :i  format  ion  : 

1.  The  wavelenqth  at  which  the  laser  will  operate 
(nanometers) .  (See  page  B-33  for  list  of  usable 
wavelengths . ) 

2.  The  beam  diameter,  in  centimeters,  at  the  1/c  point. 

3.  The  full  angle  beam  divergence,  in  radians,  at  the 
1/e  point. 

4.  The  laser  output  energy  in  Joules.  For  CW  lasers, 
this  value  is  the  product  of  the  laser  power  (watts) 
and  the  duration  of  operation  in  seconds. 

5.  The  exposure  duration,  in  seconds,  for  one  execution 
of  the  program.  The  exposure  duration  is  used  as 
the  train  length  in  the  calculation  of  a  conversion 
factor  (see  Section  B.1.1)  for  determining  the 
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maximum  permissible  exposure  for  multiple  pulse 
exposures.  For  CW  lasers,  this  is  the  duration  of 
operation . 

6.  The  pulse  repetition  frequency  ( PRF)  of  the  laser 
(hertz).  For  CW  lasers,  the  PRF  is  0.0. 

7.  The  pulse  width,  or  single  pulse  exposure  duration, 
in  seconds.  If  the  laser  is  operating  as  a  CW  laser, 
the  user  enters  a  single  pulse  time  width  of  0.0  E-15. 

8.  The  optical  density  rating  of  the  protective  eyewear 
utilized.  If  this  value  is  not  available,  the  user 
may  enter  an  arbitrary  distance  for  calculation  of 
the  optical  density  necessary  at  that  range. 

9.  Magnification,  objective  diameter  (mm),  and  trans¬ 
missivity  of  the  optical  aid  device  in  use.  The 
objective  diameter  is  defined  as  the  diameter  of 
the  lens  which  first  receives  radiation.  If  these 
values  are  not  known,  or  no  optical  aid  device  is 
used,  zeros  may  be  entered,  and  the  pertinent 
calculations  are  not  performed. 

10.  The  optical  density  rating  of  the  filter  used  on 

the  optical  aid  device.  If  this  value  is  not  known, 
or  not  applicable,  the  user  may  choose  to  bnter  a 
distance  at  which  the  required  optical  density  for 
the  filter  will  be  calculated. 

The  last  query  of  the  user  is  whether  he  wishes  to  view 
the  results  of  the  program  as  it  executes  (0  option)  ,  or 
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whether  he  wishes  to  view  the  results  via  the  "PAGE"  mode  of 


the  Cyber  176/CDC  6600  Operating  System  (1  Option) .  Each  option 
has  certain  advantages.  The  real-time  (0)  option  provides  an 
immediate  printout  of  all  results  generated,  in  a  sequential, 
line-by-line  stream.  Disconnecting  the  output  file  (1)  retains 
the  printed  file  for  viewing  all,  or  only  selected  areas  of  the 
printed  results.  In  addition,  by  issuing  the  command, 

DISPOSE , OUTPUT, PR-CUl 

the  complete  set  of  data  is  sent  to  an  on-line  printer  for 
retrieval  by  the  user. 

Since  the  "PAGE"  mode  of  the  Cyber  176/CDC  6600  is  capable  of 
keying  on  unique  character  strings,  page  numbers  have  been  included 
in  the  printed  results.  The  page  numbers  are  of  the  form,  -N- 
where  N  is  the  number  of  the  page.  The  reader  is  referred  to  Section 
B.3  for  a  description  of  the  data  contained  on  each  page. 

The  OUTPUT  file  may  also  be  viewed  by  executing  the  utility 
program,  CDPKl.  CDPKl  is  an  interactive  program  which  allows  the 
user  to  view  (print)  specified  pages  of  the  results  generated  by 
program  SEED4 ,  without  incurring  the  interruptions  produced  by  using 
"PAGE".  See  pages  B-10  through  B-10A  for  operating  instructions  and 
example. 

Program  SEED  is  executed  interactively  on  the  Cyber  176/CDC  6600 

computer  system  from  a  remote  terminal  by  the  following  commands: 

ATTACH , SEED4 , ID=XY , PW= - 

CONNECT , INPUT , OUTPUT 
SEED 

where  the  password, PW,  may  be  obtained  from  the  range  safety 
software  control  monitor. 
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Each  execution  of  program  SEED4  (and  subsequent  versions) 
produces  two  disk  files  (SEDINP  and  TAPElO)  which  are  used  in 
the  following  manner. 

SEDINP :  This  disk  file  contains  the  input  data  which  was 

used  for  the  (immediately)  preceding  execution  of 
the  program.  The  file  is  in  the  proper  form  to  be 
used  as  input  to  another  execution  of  program  SEED4 , 
and  may  be  altered  as  desired  by  utilizing  the  EDITOR 
mode  of  the  CDC  6600/Cyber  176  computer.  Each  input 
variable  is  identified  by  a  descriptor  printed  to 
the  right,  to  facilitate  changing  the  values.  File 
SEDINP  must  not  exist  as  a  local  file  when  SEED4 
is  executed  interactively. 

TAPElO  This  disk  file  contains  the  safe  distance  curve 
data  seen  on  pages  8  through  11  of  the  tabular 
results,  and  is  used  as  input  to  the  Laser  Safe 
Distance  Curve  plot  program,  LSDCl.  Program  LSDCl 
(described  in  section  B.2)  will  accept  up  to  three 
adjoining  files  of  TAPElO;  however,  the  file  must 
be  renamed  TAPE25  prior  to  execution  of  LSDCl. 

An  example  for  using  these  files  in  two  executions  of  program 
SEED4  follows: 
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COMMAND-  ATTACH, SEED4, ID=XY,PU= 

AT  CY=  001 

COMMAND-  CONNECT, INPUT, OUTPUT 
COMMAND-  SEED4 

LASER  SEED  MATRIX  COMPUTATION  PROGRAM 

ENTRY  OF  ALL  VALUES  MAY  BE  DECIMAL  OR  EXPONENTIAL,  AND  MAY 
BE  LOCATED  ANYWHERE  ON  THE  LINE.  THE  EXAMPLE  VALUES  ARE 
NOT  DEFAULT  VALUES,  WHICH  MEANS  THAT  AN  ENTRY  IS  REQUIRED 
FOR  EACH  QUERY. 

TYPE  IN  THE  LASER  MODEL 
FIRST  RUN  OF  SEED4 
WAVELENGTH  (NANOMTRS. ) 

1064. 

10S4. 

BEAM  DIAMETER  (CM) 

2.5 
2.5 

EEAM  DIVERGENCE  (RAD. -FULL  ANG.) 

.000264 
.264E-3 

LASER  POWER  (JOULES) 

0.11 
.11 

EXPOSURE  DURATION  (SEC.) 

1.0 

.025 

PRF  (PPS) 

8.0 

B 

SINGLE  PULSE  TIME  (SEC)  (0.0E-15  FOR  C.W.  LASERS) 

.23E-07 

.23E-7 

ENTER  A  1  OR  2 

1  CALCULATES  THE  0  D  REQUIRED  FOR  A  GIVEN  DISTANCE. 

2  CALCULATES  THE  SAFE  DISTANCE  FOR  A  GIVEN  0  D. 

1 

DISTANCE  (M)  FROM  LASER  TO  VIEWER 

1000. 

2000 

MAGNIFICATION  OF  THE  OPTICAL  AID  DEVICE.  (0.0  IF  NONE) 

7. 

0 

ENTER  AN  AIRCRAFT  HEIGHT  (M)  FOR  THE  SAFE  DISTANCE  CURVES 
2000.  (2000.  M  =  6562  FT) 

3000 

ENTER  A  0  OR  1 

0  IF  YOU  WISH  TO  VIEW  ALL  RESULTS  REAL-TIME. 

1  TO  DISCONNECT  THE  FILE  -OUTPUT-  SO  THAT  RESULTS  MAY  BE  SELECTIVELY  PRINTED. 
I 

STOP 

37000  MAXIMUM  EXECUTION  FL. 

0.573  CP  SECONDS  EXECUTION  TIME. 


Interactive  execution 
of  program  SEED4 
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COMMAND-  FILES 
—LOCAL  FILES — 

♦TAPES  *SEED4  OUTPUT  SEDINP  TAPEIO 
COMMAND-  EDITOR 
. .E, SEDINP, S 
«  •  L .  A 


100=FIRST  RUN  OF  SEED4 

110= 

. 10S400E+04 

WAVELENGTH 

120= 

•250000E+01 

BEAM  DIAM. 

130= 

.264000E-03 

DIVERGENCE 

140= 

.  110000E+00 

POWER 

150= 

.  250000E-01 

DURATION 

160= 

.800000E+01 

PRF 

170= 

•Z30000E-07 

PULSEWI0TH 

180= 

1 

0D-DIS  SEL 

190= 

.200000E+04 

DISTANCE 

200= 

0. 

MAG  O.A.D. 

210= 

. 300000E+04 

A-C  HEIGHT 

220= 

1 

OUTPUT  C-D 

. .  / .  250000E-01  /=/ .  1  OOOOOE+Ol  / ,  150 , V  'l 

150= 

. 10Q000E+01 

DURATION 

y 

r 

1  CHANGE(S) 

- * 

../FIRST/ * /SECOND/,  100 

1  CHANGE! S) 

.  .S,TWQ,0,N 

..8 

COMMAND- 

EATCH, SEDINP, RENAME, FIRST  -« - 

COMMAND- 

-  FILES 

—LOCAL  FILES— 

TAPEIO 

TWO 

«TAPE8 

*SEED4 

OUTPUT 

FIRST  -j 

COMMAND- 

C0PYCF, TAPEIO, TEMP 

COMMAND-  RETURN, TAPE 10 
COMMAND-  REWIND, SEED4 
COMMAND-  SEED4.TW0 

STOP  J 

37200  MAXIMUM  EXECUTION  FL. 

0.544  CP  SECONDS  EXECUTION  TIME. 


Note  that  files  SEDINP  and 
TAPE  10  have  been  created,  anc 
that  TAPE8  (the  attenuation 
file;  LAZRCOF)  has  automatical 
been -attached .  File  SEDINP 
contains  input  variables  from 
the  interactive  execution  on  t 
previous  page.  Renaming  of 
SEDINP  prevents  confusion  of 
files . 


Changing  the  exposure  duratior 
and  title  for  the  second 
SEED4  execution. 


Renaming  the  SEDINP  file 
generated  by  1st  execution  of 


SEED4. 


Preparation  of  data  for  LSDCl 
run. 

Performing  2nd  execution  of 
SEED  4. 
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COMMAND-  COPYCF, TAPE 10, TEMP 
COMMAND-  PAGE, TEMP 
Ready. . 

1 


FIRST  RUN  OF  SEED4 
LASER  ALTITUDE*  3000.00METERS. 
PAGE  -  8- 


0.0 

8119.9 

0.0 

6196.7 

0.0 

6196.8 

0.0 

15.0 

8117.0 

0.0 

6195.5 

0.0 

6195.6 

0.0 

30.0 

6107.4 

0.0 

6192.3 

0.0 

6192.4 

0.0 

45.0 

6086.8 

0.0 

6186.6 
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0.0 

6139.3 
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Line  1 
=  SECOND 


SECOND  RUN  OF  SEED4 
LASER  ALTITUDE*  3000.00METERS. 
PAGE  -  B- 
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Line  61 


COMMAND-  REWIND. TEMP 
COMMAND-  BATCH , TEMP , RENAME , TAPE25 J 
COMMAND-  FILES 
—LOCAL  FILES— 

SEDINP  TWO  *TAPE8  «SEED4 
FIRST  TAPE25  TAPE10 


Positioning  data  on  TAPE25  for 
LSDCl  input. 


OUTPUT 
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COMMAND-  ATTACH.LSDCl » IDSXY»PW* 
AT  CY*  001 

COMMAND-  CONNECT. INPUT, OUTPUT 
COMMAND-  LSDC1.TAPE25 


LASER  SAFE  DISTANCE  CURVE  PLOT  PROGRAM  (RUN#  1)1 

ENTER  PLOT  TITLE  AND  UP  TO  3  LEGEND  DESCRIPTERS  (MAX  OF  55  CHARACTERS  EACH). 
ENTER  TITLE  (ENTER  STOP  TO  END  PROGRAM) 

7TEST  CASE  FOR  LSDC1 

TITLE*  TEST  CASE  FOR  LSDC1 
ENTER  LEGEND(l)  (ENTER  0,  IF  NOT  APPLICABLE) 

7FERRANTI  LASER  .025  DURATION 

LEGENDU )=  FERRANTI  LASER  .025  DURATION 
ENTER  L£G£ND<2)  (ENTER  0,  IF  NOT  APPLICABLE) 

7FERRANTI  LASER  1.0  DURATION 

LEGEND<2)»  FERRANTI  LASER  1.0  DURATION 
ENTER  LEGENDO)  (ENTER  0,  IF  NOT  APPLICABLE) 

70 

LEGEND(3)=  0 

ENTER  ATMOSPHERE  MODEL  NUMBER  TO  BE  PLOTTED  (1-B) 

73 

ATMOSPHERE  MODEL  NUMBER*  3 
ENTER  TYPE  OF  PULSE  (1=SINGLE,  2*MULTIPLE,  AND  3*CW) 

72 

TYPE  OF  PULSE*  2 

ENTER  VIEWING  TYPE  ( 1=NAKED  EYE  AND  2=0AD) 

71 

VIEWING  TYPE*  1 


Interactive  execution 
of  program  LSDCl 


LASER  SAFE  DISTANCE  CURVE  PLOT  PROGRAM  (RUN#  2)1 

ENTER  PLOT  TITLE  AND  UP  TO  3  LEGEND  DESCRIPTERS  (MAX  OF  55  CHARACTERS  EACH). 

ENTER  TITLE  (ENTER  STOP  TO  END  PROGRAM) 

7ST0P 

TITLE*  STOP 
STOP 

3S000  MAXIMUM  EXECUTION  FL. 

0.1  IS  CP  SECONDS  EXECUTION  TIME. 

FRAMES  SC4020  0000000000000003 

SC4020  RECORDS  0000000000000002 

COMMAND-  DISPOSE, FILMPL,FL*CU1  - _ Obtaining  s.C.4020  plot 

from  computer  center. 
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The  user  should  note  that  if  the  option  to  disconnect  the 

output  file  is  chosen,  and  subsequent  interactive  executions  of 

SEED  are  to  follow, the  commands 

CONNECT, OUTPUT 
REWIND, SEED4 
RETURN, SEDINP  or  ' 

BATCH , SEDINP , RENAME , 1 f n 

must  be  given  prior  to  execution. 

A  flow  diagram  of  the  program  is  shown  in  Figure  B.1.1. 

UTILITY  PROGRAM  CDPKl 

Program  CDPKl  is  an  interactive  program  designed  specifically 

for  printing  user-specified  pages  of  the  OUTPUT  file  generated  by 

program  SEED4.  The  files  necessary  for  execution  of  CDPKl  are 

"CONNECTED"  from  within  the  program;  therefore,  the  only  commands 

required  for  initiation  are: 

ATTACH, CDPKl ,ID=XY,PK= - 

CDPKl 


The  user  is  asked  for  the  number  of  pages  he  wishes  to  be 
printed,  and  the  page  numbers  of  those  pages.  (See  example.  Page  B-10A) 
Since  program  CDPKl  operates  on  the  local  file  OUTPUT,  and 


since  multiple  executions  of  program  SEED4  can  "stack"  the  OUTPUT 
file,  it  behooves  the  user  to  perform  some  action  on  OUTPUT  after 


executing  CDPKl.  Some  suggested  action  commands  are: 


BATCH , OUTPUT , RENAME , 1 f n 
BATCH , OUTPUT , PRINT 

REWIND, OUTPUT, 

COPYCF, OUTPUT, If n 


(Changes  the  name  of  OUTPUT) 

(Removes  OUTPUT  from  local  files, 
and  causes  copy  to  be  printed  at 
the  computer  center. 

(Copies  OUTPUT  into  another  file. 

This  is  used  for  "stacking"  multiple 
OUTPUTS,  so  that  one  PRINT  command 
may  be  used  for  all  runs.) 


DISCARD, OUTPUT 


(Removes  the  OUTPUT  file  from  local 
files . ) 
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COMMAND-  FILES 
—LOCAL  FILES — 

•TAPES  *SEED4  OUTPUT  SEDINP  TAPEiO 
COMMAND-  ATTACH, CDPK l, ID=XY,PW= 

AT  CY=  001 

COMMAND-  CDPK1  x 

ENTER  #  OF  PAGES  WANTED  TO  BE  PRINTED?1 
#  OF  PAGES =  1 

ENTER  THE  1  PAGE  NUMBERS  IN  INCREASING  VALUE72' 
PAGE  NUMBERS1  2 
PAGE  -  2- 


Interactive  execution  of 
program  CDPKl .  Underlined 
values  are  user  responses. 


SINGLE  PULSE  SAFE  EYE  EXPOSURE  DISTANCES  (METERS) 


M.P.E.  FOR  .230000E-07  SECS 


OCULAR  POINT 
.500000E-05 


EXTENDED  S. 
.142193E+00 


SKIN 

. 100000E+00 


O.D.  AT  LASER  APERTURE  3.65 


.00 


EXTINCTION  TURBULENCE- 

COEFFICIENT  STRONG  WEAK 


. 1000E-12  . 

1000E-13  . 

1000E-14  . 

1000E-15  . 

1000E-16 

0.000 

VACUUM 

UNPROTECTED  EYE  SEED 

6244.9 

6244.9 

6244.9 

6244.9 

6244.9 

EYE  0  D  AT  2000. 

M 

.96 

.96 

.96 

.96 

.96 

.001 

PURE 

AIR 

UNPROTECTED  EYE  SEED 

4099.6 

6032.1 

6219.4 

6225.0 

6225.2 

EYE  0  D  AT  2000. 

M 

.81 

.96 

.96 

.96 

.96 

.088 

VERY 

CLEAR 

UNPROTECTED  EYE  SEED 

3657.8 

4900.6 

4991.5 

4994.2 

4994.2 

EYE  0  D  AT  2000. 

M 

.73 

.89 

.89 

.89 

.89 

.120 

CLEAR 

DAY 

UNPROTECTED  EYE  SEED 

3525.3 

4613.5 

4687. B 

4689.9 

4690.0 

EYE  0  D  AT  2000. 

M 

.71 

.85 

.86 

.86 

.86 

.410 

LIGHT 

HAZE 

UNPROTECTED  EYE  SEED 

2715.5 

3174.2 

3196.4 

3197.0 

3197.1 

EYE  0  D  AT  2000. 

M 

.45 

.60 

.61 

.61 

.61 

1.150 

HAZE 

UNPROTECTED  EYE  SEED 

1817.6 

1954.5 

1959.6 

1959.7 

1959.7 

EYE  0  D  AT  2000. 

M 

.00 

.00 

.00 

.00 

.00 

2.950 

THIN 

FOG 

UNPROTECTED  EYE  SEED 

1087.8 

1119.1 

1120.1 

1120.1 

1120.1 

EYE  0  D  AT  2000. 

M 

.00 

.00 

.00 

.00 

.00 

7.820 

LIGHT  FOG 

UNPROTECTED  EYE  SEED 

569.6 

574.8 

574.9 

574.9 

574.9 

EYE  0  D  AT  2000. 

M 

.00 

.00 

.00 

.00 

.00 

19.600 

MEDIUM  FOG 

UNPROTECTED  EYE  SEED 

286.0 

286.8 

286.8 

286.8 

286.8 

EYE  0  D  AT  2000. 

M 

.00 

.00 

.00 

.00 

.00 

78.200 

THICK 

FOG 

UNPROTECTED  EYE  SEED 

90.4 

90.4 

90.4 

90.4 

90.4 

EYE  0  D  AT  2000. 

M 

.00 

.00 

.00 

.00 

.00 

STOP 

24500  MAXIMUM  EXECUTION  FL. 

0.101  CP  SECONDS  EXECUTION  TIME. 
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SEED4  Program  Flow  Diagram 
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Figure  B.1.1 
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B.1.1  Determination  of  the  Laser  Category 

The  determination  of  the  Air  Force  Category  (AF  CAT) 
code  by  program  SEED  follows  the  criteria  outlined  in  Appendix 
III,  Section  B,  of  AFOSH  Standard  161-10  for  lasers  radiating 
as  point  sources. 

The  parameters  necessary  to  determine  the  AF  CAT  code 
are  either  input  by  the  user,  computed  from  values  given  by 
the  user,  or  derived  from  tables  incorporated  into  the  program. 
The  parameters  include: 

•  The  wavelength  (input  value) . 

•  The  single  pulse  time  width  (input  value) . 

•  The  train  length  (exposure  duration)  (input  value) . 

•  The  pulse  separation  (computed)  . 

•  The  radiant  exposure  (computed)  . 

•  The  emitted  energy  (computed) . 

•  The  maximum  permissible  exposure  (table  look-up) . 

•  The  appropriate  defining  aperture  (table  look-up) . 

Certain  lasers  are  capable  of  operating  at  more  than 

one  wavelength  or  power  setting,  and  therefore  may  attain  varying 
degrees  of  hazardous  operation.  Since  program  SEED  uses  data 
provided  by  the  user,  the  definition  of  the  category  code 
derived  by  the  program  represents  the  evaluation  with  respect 
to  those  input  parameters,  and  does  not  necessarily  represent 
the  code  for  the  most  hazardous  mode  of  operation. 
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The  derivation  of  the  AF  CAT  code  is  made  by  comparison 
of  a  permissible  exposure  level  for  ocular  exposure  to  a 
point  source,  and  a  radiant  exposure  for  a  specified  time 
period . 

The  methodology  for  calculating  the  maximum  permissible 
exposures  for  a  single  pulse  or  CW  laser,  and  a  repetitively 
pulsed  laser  (if  the  laser  is  not  operating  as  a  continuous 
wave  laser)  is  described  in  Section  B.1.2. 

There  are  two  radiant  exposure  calculations  required 
for  determining  the  laser  category.  The  total  radiant 
exposure  (HT)  is  the  maximum  energy  (QT)  in  the  beam  within 
a  certain  time  interval,  divided  by  the  appropriate  defining 
aperture.  The  time  interval  to  be  used  in  the  calculation 
of  Ht  is  wavelength  dependent  and  varies  for  each  AF  CAT  code. 

The  time  intervals  are  shown  in  Table  6,  Appendix  III  of  AFOSH 
Standard  161-10  (pg  B-48  of  this  document) ,  and  defined  below: 

Symbol  Definition 

PW  The  single  pulse  time  width  (sec.)  or 

exposure  duration  (sec.)  for  multiple 
pulse  operation.  (User  given  values.) 

Msx 

Top  The  maximum  on-time  of  the  laser  during  an 

appropriate  8  hour  period  (Max  =30000 
sec./PW).  lop 

fcmax  Set  to  30000  sec. 

The  calculation  of  HT  is  made  from  the  equation 
HT  =  QT(time)/Aap 
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where 


Q  .  is  the  total  energy  (Joules)  emitted 

'  ime'  within  the  time  period  defined  in  Table  6. 

A  is  the  area  of  the  defining  aperture 

ap  2 

(cm  )  shown  in  Appendix  III  of  AFOSH 
161-10.  (See  also  Table  B. 1.3.1  of 
this  document.) 

The  radiant  exposure  (H)  is  the  cumulative  peak  radiant 
exposure  in  the  beam  for  the  time  interval  specified  in  Table  6 
(pgB-48),  and  is  used  to  determine  an  upper  limit  for  AF  CAT 
C  lasers.  Since  H  represents  the  accumulation  of  energy 
during  the  maximum  possible  operating  time  inherent  in  the 
laser,  or  8  hours  of  operation,  the  equation  for  computing  H 
is  given  by: 

H  =  Q  /A,  or  H  =  Qt/A  for  exposure  durations  less 
max  than  .25  seconds. 

where 

is  the  energy  (Joules)  accumulated  in  the  t 
t  max 

max  . .  .  . 

time  period. 

Q  is  the  energy  (J)  accumulated  in  .25  sec.  (blink 

response) . 

A^  is  the  area  of  the  laser  beam  at  the  aperature. 

Once  the  calculations  for  the  radiant  exposures  have 
been  performed,  and  the  MPE  derived,  the  comparisons  to 
determine  the  appropriate  category  for  the  laser  operating 
conditions  may  begin.  The  comparisons  are  made  in  a  top-down 
fashion;  i.e.,  for  the  appropriate  wavelength,  the  comparisons 
for  category  A  are  made,  then  category  B  if  the  criteria  for 
category  A  are  not  met,  then  category  C,  etc. 
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If  the  MPE  cannot  be  determined  from  the  input  data 
given  by  the  user,  the  program  indicates  an  AF  CAT  D  laser, 
prints  the  message  "UNKNOWN  M.P.E"  and  terminates. 

If  the  laser  is  a  point  source  laser,  operating  in  a 
multiple  pulse  mode  (PRF  >  0.0),  the  calculation  of  the  AF 
category  is  repeated,  using  a  multiple  pulse  MPE  for  the 
calculations.  The  AF  CAT  designation  is  the  more  hazardous 
of  the  two  category  determinations. 
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B.1.2  Maximum  Permissible  Exposure  Determination 

The  permissible  exposure  levels  of  energy  incident 
upon  human  eyes  and  skin,  and  the  energy  received  by  the 
eyes  from  extended  source  viewing,  or  viewing  a  diffusely 
reflecting  surface,  are  defined  by  protection  standard 
tables  (Table  1,  2  and  3)  in  Appendix  III  of  AFOSH  Standard 
161-10  (Pages  B-41  through  B-44  of  this  document) -  Determinations 
of  the  maximum  permissible  exposures  (MPE)  due  to  a  single  pulse 
for  eyes,  skin  and  extended  source  viewing  are  made  from 
look-ups  in  these  tables,  using  the  operating  wavelength  of 
the  laser,  and  the  exposure  duration  of  a  single  pulse. 

(Single  pulse  time  width.) 

Multiple  pulse  permissible  exposure  levels  for  eyes, 
skin  and  extended  source  viewing  are  computed  from  the  product 
of  one  of  three  single  pulse  MPE  ’  s  and  a  conversion  factor 
based  upon  Table  5  in  Appendix  III  of  AFOSH  161-10  (page  B-46 
of  this  document).  The  calculations  of  the  appropriate  single 
pulse  MPE,  the  conversion  factor,  and  the  resulting  multiple 
pulse  MPE 1 s  for  eyes,  skin  and  extended  source  viewing  involve 
seven  steps,  as  follows: 

1.  The  pulse  separation,  PS,  is  computed  from  the 
equation  :  PS  =  (1.0/PRF)-PW 
where  PRF  is  the  pulse  repetition  frequency  of  the 

laser,  and  PW  is  the  time  duration  of  a  single 
pulse  from  the  laser  (single  pulse  time  width) . 
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2. 


The  number  of  single  pulses  contained  in  the  user- 
given  exposure  duration  for  one  execution  of  the 
program  is  given  by:  N  =  PRF* (TL-PW)  +  1 
where  TL  is  the  train  length,  or,  exposure  duration. 

3.  The  total  amount  of  time,  TOT,  that  the  laser 
is  on  (emitting  single  pulses)  is  the  summation 
of  all  single  pulse  durations  contained  in  the 
train  length:  TOT  =  PW*N 

4.  Using  the  pulse  separation  (PS)  and  the  operating 
wavelength  of  the  laser,  the  appropriate  applicable 
exposure  durations  for  pulsewidth  criteria  and 

for  pulse  train  criteria  are  determined. 

5.  Maximum  permissible  exposures  for  the  pulse  train 
exposure  duration  (TOT  or  TL)  ate  determined  for 
eyes,  skin  and  extended  source  viewing  from  Tables 

1,  2  and  3  (Pages  B-41  through  B-44).  (The  MPE ’ s  for 
pulsewidth  exposure  durations  are  the  single  pulse 
MPE ' s  described  in  Paragraph  1.) 

6.  The  conversion  factors  for  pulsewidth  criteria 
and  pulse  train  criteria  for  the  appropriate 
pulse  separation  are  multiplied  by  the  respective 
applicable  exposure  duration. 

7.  The  maximum  permissible  exposure  for  multiple 
pulse  exposures  is  the  least  of  the  two  products 
in  Step  6. 
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A  pictorial  representation  of  the  elements  involved 
in  the  multiple  pulse  MPE  calculation  is  shown  in  Figure 
B. 1.2.1. 
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B.1.3  SEED  Calculation 


The  safe  eye  exposure  distance,  R  ,  is  calculated 
from  the  equation 


=  e“pRs/(Db  +  2Rs<H2  (1  +  Bt)  (B.  1.3.1) 

(see  p.  3-15  of  Reference  2) 


where 

2 

Q  =  the  Maximum  Permissible  Exposure  (MPE)  (J/cm  ) 

(See  Section  B.1.2) 

U  =  the  pulse  energy  output  by  the  laser  (Joules) 

y  =  the  atmospheric  extinction  coefficients  for  9 
variations  of  weather.  (Values  for  y  used  by 
the  program  are  listed  in  Table  B. 1.3.1) 

(cm  1 ) 

Db  =  the  laser  beam  diameter  at  the  source  (cm) 

<}>  =  the  beam  divergence  half  angle  (radians) 

Bt  =  the  turbulence  induced  beam  spread  factor  for 
5  variations  from  strong  to  weak 

The  quantity  BT  is  computed  from  the  equation 

Bt  =  0.11  (Db/rQ)2*6  (B.1.3. 2) 

which  approximates  the  curve  found  on  p  3-12  of  Reference  2. 


In  this  equation,  rQ  is  computed  by 

rQ  =  0.334  (C^RsX“2)_3/5  (B.1.3. 3) 

where 


=  the  atmospheric  turbulence  refractive  index 
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Table  B. 1.3.1 


Weather  Condition  Attenuation  Coefficient  (p)  (krn~*) 


. 55pmx 

1 . 06pmX 

Pure  Air 

0.0141 

r~* 

o 

o 

o 

Very  Clear 

0.0780 

!  0.088 

Clear  Day 

0.3910 

0.120 

Light  Haze 

0.9540 

0.410 

1 

Haze 

1.9600 

1.150 

Thin  Fog 

3.9100 

1 

I  2.950 

Light  Fog 

7.8200 

| 

i  7.820 

Medium  Fog 

19.6000 

19.600 

Thick  Fog 

78.2000 

78.200 

Obtained  from  data  presented  in  Reference  2,  pgs  3-6,  3-7.  Lasers 
operating  at  x  <  800.0  use  coefficients  for  .55  urn,  while  lasers 
operating  at  x  800.0  use  coefficients  for  1.06  pm. 


Sea  Level  Attenuation  Coefficients  for  .55  pm  and  1.06  pm 

Wavelength  Lasers 


B-21 


(Revised  07/02/8' ) 
(Revised  03/01/82) 


or  smaller  for 


Rg  =  the  SEED  range 

X  =  the  wavelength  of  the  laser 

2  -2/3 

The  values  of  Cn  range  from  10. E  -17m 

-2/3 

very  weak  turbulence  to  10. E  -13m  or  larger  for  very 

strong  turbulence.  The  former  value  is  typical  of  a  dawn 
or  dusk  conditions,  while  the  latter  is  more  likely  to 
occur  near  solar  noon. 

Equation  B. 1.3.1  may  be  solved  for  the  SEED  as 
follows : 

(1)  The  elements  of  eqn  B. 1.3.1  should  be  scaled 
to  consistent  dimensions: 

2  -2/3 

Express  D^  and  X  m  cm,  Cn  m  cm  ,  v  in 

cm  1 ,  2$  in  radians,  U  in  Joules  and  Q  in 
J /cm  . 

The  SEED,  Rg ,  (in  feet)  is  obtained  by  use  of  a 
Newton  iteration: 


(2)  Let  Cl  =  4U/itQ 

C-  =  ( .  1 1 )  D.  /  .  334 )  2  ’  6  (C^/X2) 1  -  56 
2  b  n 

R0  =  ('VrC^-Db)/2^ 

SQ  =  Db  +  2*R0 
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(4)  R  ,  =  R  -f/f* 

n+1  n  n  n 

(5)  Stop  the  process  when  I  Rn+1-Rn^  <  100 

(6)  Then 

Rg  =  (.0328084)Rn+1 

The  iterative  process  is  repeated,  entering  each  of 
the  nine  atmospheric  extinction  coefficients  (u)  for  each  of 
the  five  turbulence  induced  beam  spread  factors  (B^,)  to  form 
the  SEED  matrix  for  single  pulse  laser  operations.  Safe  eye 
exposure  distances  for  a  vacuum  (B^  =  p  =  0.0)  are  included 
in  the  matrix. 

Calculation  of  a  safe  eye  exposure  distance  is  performed 
from  one  to  four  times,  depending  upon  user  option  choices. 

The  SEED  for  an  unprotected  eye  is  always  calculated,  as 
outlined  in  Equations  B. 1.3.1  through  B.l.3.3.  If  the  option 
to  compute  the  safe  distance  for  eyes  protected  by  eyewear  of 
a  given  optical  density  is  chosen,  an  increased  permissible 
exposure  level  is  calculated  (see  Section  B.1.4)  and  used  in 
Equation  B. 1.3.1. 
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Entry  of  specifications  for  an  optical  aid  device 


generates  safe  eye  exposure  distances  to  be  observed  while 
utilizing  the  device  without  a  filter.  Equation  B. 1.3.1 
is  again  used,  with  the  pulse  energy  of  the  laser,  U,  scaled 
by  the  magnification  properties  of  the  device  and  the  trans¬ 
missivity  inherent  in  the  design  of  the  device  for  the  operating 
wavelength  of  the  laser.  A  more  complete  discussion  of  the 
determination  of  the  coefficient  is  presented  in  Section 
B.l.4.4. 

Computation  of  a  safe  eye  exposure  distance  to  be 
observed  while  using  an  optical  aid  device  equipped  with  a 
filter  of  known  optical  density  requires  the  use  of  an 
increased  permissible  exposure  level  (Q',  Section  B.l.4.2), 
and  a  scaled  laser  pulse  energy  (U * ,  Section  B.l.4.4)  in 
Equation  B. 1 . 3 . 1 . 
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B.1.4  Optical  Density  (OP)  Calculation 

Determination  of  the  OD  required  for  clothing,  protective 
eyewear,  or  optical  aid  device  filters  to  be  used  with  a 


specific  laser  is  based  upon  the  equation 


O.D. 


log10 


(JL 

'mpe 


) 


(B. 1.4.1) 


where 


and 


MPE  is  the  maximum  permissible  exposure. 


H  is  the  peak  radiant  exposure  at  a  distance 
from  the  laser. 


The  peak  radiant  exposure  is  computed  from  the  equation 


where 


H 


4U  e 


-pR 


7T  {A  +  R  (2$)  )  *  (1.0+Bt) 


(B.1.4. 2) 


U  =  the  pulse  energy  of  the  laser, 

p  =  the  atmospheric  extinction  coefficient, 

4>  =  the  beam  divergence  half  angle, 

BT  =  a  turbulence-induced  beam  spread  factor, 

R  =  the  distance  of  concern, 

A  =  a  diameter.  The  value  of  the  diameter 
depends  upon  whether  the  calculation  of 
H  is  performed  for  an  ocular  exposure, 
a  skin  exposure,  or  for  an  optical  aid 
device.  The  criteria  for  determining 
the  value  of  A  are  shown  in  the  following 
table. 
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Table  B. 1 . 4 . 1 


Ocular  Exposure: 


The  value  of  A  is  the  laser  beam  diameter  at  the  corneal 
plane,  or  the  defining  aperture,  whichever  is  greater. 
The  defining  apertures  for  laser  wavelengths  from  200  nm 
to  106  nm  are  listed  below. 


Laser  Wavelength  (nm)  Defining  Aperture 


200 

< 

A 

< 

400 

.1 

cm 

400 

< 

A 

< 

1400 

.7 

cm 

1400 

< 

A 

< 

105 

.1 

cm 

105 

< 

A 

< 

106 

1.0 

cm 

Skin  Exposure: 

The  diameter  of  the  laser  beam  at  the  skin  surface  is  used 
in  all  calculations. 


Optical  Aid  Devices; 

The  value  of  A  is  the  greater  of:  (a)  the  laser  beam  diameter 
at  the  objective  aperture  of  the  optical  aid  device  (b)  the 
diameter  of  the  objective  aperture. 
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Optical  density  protection  criteria  for  human  eyes 
and  unprotected  skin  are  calculated  at  the  laser  aperture 
for  single  and  multiple  pulse  modes  of  operation. 

The  user  of  program  SEED  has  four  options  pertaining 
to  optical  density  calculations: 

•  Determination  of  the  OD  required  for  protective 
eyewear  at  a  given  distance  from  the  laser. 

•  Given  the  OD  rating  of  protective  eyewear,  calcu¬ 
lation  of  a  safe  eye  distance  from  the  laser. 

•  Determination  of  the  OD  for  a  filter  employed  by 
an  optical  aid  device  located  at  a  given  distance 
from  the  laser. 

•  Given  the  filter  OD  rating  for  an  optical  aid 
device,  calculation  of  a  safe  distance  from  the 
laser  for  use  of  the  device. 

The  variations  in  the  elements  of  the  equations 
(B. 1.4.1  and  B.l.4.2)  which  are  necessary  for  each  of  the 
four  options  are  discussed  in  the  following  subsections. 

B .  1 . 4 . 1  OD  Calculation  for  Protective  Eyewear 

The  option  to  calculate  the  optical  density  necessary 
for  protective  eyewear  at  a  specified  distance  from  the  laser 
affects  two  elements  of  equation  B.l.4.2.  R,  the  distance 
of  concern,  is  assigned  the  value  given  by  the  user.  A 
beam  diameter  at  R,  based  upon  the  beam  diameter  of  the  laser 
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1 


and  the  divergence  of  the  beam,  is  computed  from  the  equation 

AD  =  D,  +  R  ( 2  ) 

R  b 

where 

is  the  laser  beam  diameter, 

$  is  the  beam  divergence  half  angle. 

The  comparison  of  AR  for  ocular  exposure  as  shown 
in  Table  B. 1.4.1  is  made  to  determine  the  diameter.  A,  used 
in  equation  B.l.4.2. 

Using  the  value  of  H,  calculated  from  the  appropriate 
value  of  A  in  equation  B.l.4.2,  the  optical  density  rating 
for  protective  eyewear  is  determined  by  equation  B. 1.4.1. 

B.l.4.2  Safe  Eye  Distance  for  Protective  Eyewear  of  Specified  OP 
When  the  optical  density  value  for  protective  eyewear  is 
given,  equation  B. 1.4.1  is  used  to  find  the  level  of  radiant 
exposure  that  is  permissible  on  the  eyewear  to  maintain  ocular 
safety . 

H  =  <10OD)  (MPE)  (B.l.4.3) 

Since  H  now  represents  a  modified  permissible  exposure 
level  (Q ' ) ,  the  value  may  be  substituted  for  the  MPE  (Q)  of 
equation  B. 1.3.1,  or: 

fg1  =  e  "yRs/  (Db  +  2Rs  *)2  (1  +  Bt) 

The  safe  eye  exposure  distance,  R  ,  is  then  computed 
by  the  iterative  procedure  described  in  Section  B.1.3. 
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When  an  optical  aid  device  is  employed,  and  the 


option  to  compute  the  optical  density  filter  necessary  for 
ocular  protection  at  distance  R  is  chosen,  the  peak  radiant 
exposure,  H,  is  computed  from  equation  B.l.4.2.  As  in 
Section  B. 1.4.1,  a  beam  diameter  at  distance  R  is  computed, 
and  the  appropriate  value  of  A  determined  from  the  criteria 
in  Table  B . 1 . 4 . 1 . 

The  optical  density  rating  for  the  filter  is 
determined  from  equation  B. 1.4.1,  using  the  computed  value  of 
H  and  the  permissible  exposure  level. 

B.l.4.4  Safe  Eye  Distance  for  Optical  Aid  Devices  Employing 
Filters  of  a  Specified  OP 

The  methodology  described  in  Section  B.l.4.2  for 
determining  a  safe  distance  from  the  laser  for  eyes  protected 
by  eyewear  of  a  specified  optical  density  is  also  employed 
to  calculate  the  safe  eye  distance  when  using  an  optical  aid 
device  equipped  with  a  filter  of  known  optical  density  rating. 
As  before,  equation  B.l.4.3  calculates  a  modified  permissible 
exposure  level  (Q ' ) ,  which  is  substituted  for  Q  in  equation 
B. 1.3.1  (pg  B-20 )  . 

Since  the  use  of  optical  viewing  instruments  may 
increase  the  radiant  exposure  received  by  the  eye,  it  is 
necessary  to  further  modify  equation  B. 1.3.1  to  express  the 
change  in  energy  transmitted  through  the  instrument.  The 
energy  change  is  a  function  of  the  magnification  of  the  device 
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and  the  transmissivity  inherent  in  the  device  for  the 
operating  wavelength  of  the  laser  and  is  represented  by  the 
equation 


U'  =  (U)  (T)  (G) 

where 

U  =  the  output  energy  from  the  laser, 

T  =  the  transmissivity  of  the  instrument 
for  the  operating  wavelength, 

G  =  a  correction  factor  based  upon  the 
magnification,  exit  (eye  end)  beam 
diameter,  the  entry  (objective  end) 
beam  diameter,  and  the  operating 
wavelength  of  the  laser. 

The  quantity  G  is  determined  by  program  SEED  as  follows 

1.  When  the  laser  operates  at  wavelengths  between 

400  and  1400  nanometers,  G  may  assume  one  of  three 

values  as  follows: 

2 

(a)  G  =  M  when  d£  _>  0.7  cm 

(b)  G  =  (dQ/0.7)^  when  dg  <  0.7  cm  and  do  >  0.7  cm 

(c)  G  =  1.0  when  dg  <  0.7  cm  and  dQ  £  0.7  cm 

For  these  criteria: 

M  =  the  magnification  of  the  system 

d  =  the  diameter  (cm)  of  the  beam  entering 

the  optical  system.  (The  maximum  value 
dQ  may  attain  is  the  diameter  of  the 

objective . ) 

d  =  the  diameter  of  the  beam  leaving  the 

p  / 

system:  d  =  d  /M 

1  e  o 

2.  When  the  laser  operates  at  wavelengths  from  200 

to  400  nanometers,  or  from  1400  to  10^  nanometers. 
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I 

} 


I 


I 

I 


2 

G  =  M  . 

Equation  B. 1.3.1  becomes: 

luT  =  e  S/(Db  +  2Rs«)2  (1  +  bt) 
and  the  iterative  procedure  described  in  Section  B.1.3 
calculates  the  safe  eye  exposure  distance  for  persons  using 
an  optical  viewing  instrument. 
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B.1.5  Air-to-Ground  Safe  Exposure  Distances 


The  matrices  of  altitudes  vs  safe  exposure  distances 
(SED)  produced  by  program  SEED  indicate  the  attenuation  of 
the  laser  beam  due  to  atmospheric  conditions  as  the  beam 
travels  to  the  ground  from  1  km  levels  of  altitude. 

The  attenuation  of  the  beam  is  caused  by  aerosol  and 
molecular  scattering  and  absorption  parameters  which  are 
derived  from  the  various  gases  and  particles  that  compose 
the  atmosphere.  Since  derivation  of  the  parameters  is  rather 
complex,  and  because  the  atmospheric  components  vary  with 
time  and  position,  model  atmospheres  are  ordinarily  used  to 
calculate  the  beam  transmission  through  layers  of  air.  One 
of  the  models  -  midlatitude,  summer,  clear  day  -  was  taken 
from  AFCRL-72-0497 ,  and  modified  for  presentation  in  AFOSH 
161-10  as  extinction  coefficients  for  vertical,  1000  meter  layers 
of  atmosphere,  for  twelve  wavelengths.  The  data  in  this  table 
have  been  incorporated  into  program  SEED  for  calculation  of 
air-to-ground  safe  exposure  distances,  and  are  listed  in  this 
document  on  pages  B-51  and  B-52  (Table  7) . 

Under  a  previous  task,  five  additional  model  atmospheres 
(Midlatitude,  Summer,  Clear  Day  Model,  1980  data;  Eglin  Winter; 
Eglin  Spring;  Eglin  Summer;  Eglin  Fall)  were  generated  for  27 
wavelengths,  and  stored  in  the  Eglin  computer  system  disk 
files  (see  page  B-5) . 
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Air-to-Ground  safe  exposure  distances,  based  upon  attenuation 
of  the  beam  by  these  atmosphere  models,  are  calculated  and 
presented  on  the  tabular  output. 


The  user  of  program  SEED  should  note  that  one  of  the 
following  wavelengths  must  be  entered  into  the  data  base. 


X 

pm 

*ym 

X 

ym 

X 

ym 

772.9767 

5.5000 

1.0600 

.7793 

336.9953 

4.0000 

.9100 

.7525 

118.6000 

3.6000 

.9040 

.6943 

118.2998 

3.3920 

.9000 

.6500 

27.9000 

3.1000 

.8600 

.6328 

10.6000 

1.5360 

.8500 

.6300 

10.5910 

1.0640 

.8000 

The  transmission  through  the  atmosphere  is  determined 
from  the  summation  of  the  extinction  coefficients  multiplied 
by  the  path  length  in  the  layer,  or: 

TA  R  =  exp  -j£l[(yX(j)  r  (j)}] 

where 

yX(j)  =  the  extinction  coefficient  (cm  )  for 

wavelength  X,  jth  atmospheric  layer, 

r(j)  =  the  path  length  in  the  jth  layer  (cm),  and 

R  =  ** 

Z  h...  sec  0 

j=l  131 

where 

h(j)  =  the  vertical  distance  of  propagation  in  the 
jth  layer,  and 

sec  0  =  the  angle  between  the  beam  and  the  vertical. 
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The  air-to-ground  safe  distances  are  computed  by  an 
iterative  procedure  described  in  APOSH  161-10  (pages  IV-9,10) 


from  the  equation: 

SED 

where 

U 

Q 

Db 

<t> 

Because  the  laser  may  operate  at  wavelengths  other  than 
those  specified  by  the  Extinction  coefficient  tables,  and  because 
the  air-to-ground  calculations  are  performed  for  each  1000  meter 
step  from  1  through  20  km,  and  require  a  deflection  angle  (4>) 
which  varies  for  each  iteration  of  R,  the  operation  of  program 
SEED  is  somewhat  more  complex  than  the  procedure  outlined  in 
AFOSH  161-10.  A  step  by  step  description  of  the  methodology 
employed  by  program  SEED  follows: 

1.  A  comparison  of  the  input  wavelength,  and  the 
table  of  wavelengths  given  in  AFOSH  161-10 
(Page  B-51  of  this  report)  is  made.  The  extinction 
coefficients  for  the  wavelength  numerically 
closest  to  the  input  wavelength  are  used. 

Extinction  coefficients  for  other  atmosphere 
models  are  read  in  from  disk  file  LAZRCOF. 


(V<«  Tx  r)/-  Q)-Db 
n 

the  laser  output  power  (Joules) 

2 

the  Maximum  Permissible  Exposure  (J/cm  ) , 

the  beam  diameter  (cm)  at  the  aperture,  and 

the  beam  divergence  half  angle  (radians) . 

(Note:  <J>  is  assumed  to  be  small  so  that 

tan  <(>  -  $ . ) 
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The  initial  SED  is  assigned  the  value  of  the 
vacuum  SEED  computed  for  sea  level  safe  exposure 


distances.  (SED.nit>  =  R^) 

3.  Using  the  vacuum  SEED,  a  trial  total  path  length, 
Rn,  for  the  jth  atmospheric  layer  is  determined, 
(see  161-10,  pg  IV-10,  step  b.) 

4.  The  vertical  path  length  (HT)  from  the  next 
lower  layer  to  the  ground  is  calculated. 

5.  The  cosine  of  the  deflection  angle  9  is  calculated 
from  the  division  of  the  vertical  distance  by  the 
total  path  length: 

cos  0  =  HT/R 

n 

If  the  vertical  path  length  is  larger  than  R^,  the 
next  level  down  is  used  for  HT  . 

6.  The  path  length  within  the  layer  is  computed  from 
the  width  of  the  layer  (1000  meters)  divided  by 
the  cosine  of  the  deflection  angle: 

PATH  =  1000  m/cos  0 

7.  The  products  of  the  extinction  coefficients  and 
the  path  lengths  for  layers  1  through  HT  are 
summed,  and  a  SED  calculated. 

8.  if  the  difference  between  the  SED  calculated  in 
Step  7  and  the  SED  computed  by  Step  3  is  less 
than  100  cm,  the  solution  for  the  jth  layer 
safe  exposure  distance  is  considered  final. 


B-35 


(Revised  07/02/81) 
(Revised  03/01/82) 


-*!<•»*  « 


Steps  1  through  8  are  repeated  for  each  1000  meter 
level,  beginning  with  20  km  and  ending  at  1  km.  The  calculation 
of  a  sea  level  SED  (0  km)  is  performed  by  the  iterative  procedure 
described  in  Section  B.1.3,  setting  the  turbulence  coefficient 
Bt  =  1.0E-17,  and  assigning  the  0  km  extinction  coefficient  value 
to  y. 

The  air-to-ground  safe  exposure  distances  are  calculated 
for  single  and  multiple  pulse  exposures  for  the  six  model 
atmospheres.  The  safe  exposure  distances  are  generated  for 
unprotected  eyes,  and  eyes  aided  by  an  unfiltered  optical 
viewing  instrument. 
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B.1.6  Safe  Exposure  Distance  Curves 

The  safe  exposure  distance  curves  calculated  by  the 
program  utilize  the  algorithms  and  techniques  outlined  in 
section  B.1.5  with  three  exceptions: 

1.  The  safe  distances  computed  emanate  from  one  user- 
supplied  altitude,  rather  than  from  1  km  layers 
directed  downward. 

2.  The  angle  of  deflection  from  the  vertical  is  not 
calculated  (see  item  5  of  program  methodology  in 
section  B.1.5,  page  B-35)  but  is  held  constant  for 
each  safe  exposure  distance  computation.  Safe 
distances  are  calculated  at  15  degree  increments  of 
deflection  from  0  degrees  to  180  degrees. 

3.  The  iterative  procedure  described  in  section  B.1.3 
is  used  to  calculate  the  safe  exposure  distance  for 

90  degrees.  In  this  case,  the  turbulence  coefficient, 
Bt,  is  set  to  1.0E-17,  and  y,  the  extinction  coefficient 
is  assigned  the  value  for  the  atmospheric  layer  cor¬ 
responding  to  the  user-supplied  laser  altitude. 

The  safe  distance  curves  are  presented  in  the  form  of  angle 
of  deflection  vs  safe  distance,  for  the  six  model  atmospheres, 
single  and  multiple  pulse,  for  unprotected  eyes,  and  eyes  aided 
by  an  optical  device.  Termination  of  the  beam  of  hazardous 
radiation  by  intersection  with  the  ground  is  indicated  by  a 
negative  sign. 

The  safe  distance  curves  data  are  written  to  a  disk  file 
(TAPE10)  for  plotting  by  the  Laser  Safe  Distance  Curve  plot 
program,  LSDC. 
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B. 2  Laser  Safe  Distance  Curve  Plot  Program  (LSDC) 

The  interactive  computer  progr am  designed  to  plot  the 

safe  distance  curves  generated  by  program  SEED4  is  initiated 

from  a  remote  terminal  by  the  following  commands: 

ATTACH , LSDCl , ID=XY , PW= - 

CONNECT , INPUT , OUTPUT 
LSDCl, TAPE25 

where 

the  password,  PW,  may  be  obtained  from  the  Range  Safety 
software  control  monitor,  and  TAPE25  is  the  local  file 
containing  the  safe  distance  curve  data  generated  by 
up  to  three  executions  of  program  SEED4.  (Note:  Due 
to  the  CDC  6600/Cyber  176  operating  system,  the  input 
data  must  be  named  TAPE25.) 

The  user  is  requested  to  enter  a  plot  title,  and  descriptors 
for  the  three  (or  less)  curves  that  will  be  plotted.  The  descrip 
tors  should  coincide  with  the  structure  of  the  input  data;  i.e., 
legend  number  1  is  descriptive  of  the  first  execution  of  program 
SEED4  which  was  copied  onto  the  input  disk  file,  legend  number  2, 
the  second  execution,  etc. 

The  atmosphere  numbers  correspond  to  the  atmosphere  models 
listed  on  the  tabular  results,  reading  from  left  to  right: 

1  =  AFOSH  DATA  (1972) 

2  =  Standard  1980 

3  =  Eglin  Summer 

4  =*  Eglin  Winter 

5  =  Eglin  Spring 

6  =  Eglin  Fall 
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The  choice  of  single  or  multiple  pulse,  unprotected  eye 
or  optically  aided  eyes  applies  to  all  sets  of  safe  distance 
curve  data  contained  on  the  input  file.  These  choices  -  the 
model,  pulse  type,  and  viewing  mode  -  are  automatically 
produced  on  the  plot,  so  that  the  user  need  not  reiterate 
this  information  in  the  title  or  legends. 

Program  LSDC  will  generate  one  plot  frame  per  series  of 
queries,  and  will  continue  to  recycle  until  (a)  the  user  enters 
STOP  for  a  title,  or  (b)  the  computer  time  limit  is  exceeded. 
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B. 3  Sample  Executions  of  Programs  SEED4  and  LSDCl 

The  following  sample  executions  of  program  SEED4  and  LSDCl 
are  included  to  illustrate  the  interactive  input  queries,  and 
the  results  produced  by  the  program  for  responses  to  the  queries. 
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Example  1 


The  purpose  of  Example  1  is  to  illustrate  the  following 


points : 

1.  The  method  for  obtaining  the  data  file  that  contains 
the  laser  coefficients  for. six  atmosphere  models, 

27  wavelengths  (file  LAZRCOF) . 

2.  The  interactive  queries  from  SEED4 ,  and  the  user 
responses. 

3.  An  example  of  transmission  noise  on  the  line. 

(Line  30,  next  page.) 

4 .  The  entire  printout  generated  by  program  SEED4 . 
(Response  to  final  query  is  0;  view  all  results 
real-time. ) 

5.  The  files  generated  by  execution  of  program  SEED4. 
(Last  page  of  Example  1.) 


B-40.1 


(Revised  03/01/82) 


CGIWASD-  CONNECT, INPUT, OUTPUT 
COKNAND-  ATTACH, SEED4,IDO(Y. PH* 


Example  1 


Note:  For  illustrative  purposes  only- 

do  not  include  in  execution  steps 


COKflANO-  REUINOX 
COf.rtAND-  5EED4 

LASER  SEED  MATRIX  COMPUTATION  PROGRAM 

ENTRY  OF  ALL  VALUES  NAY  BE  DECIMAL  OR  EXPONENTIAL,  AND  KAY 
BE  LOCATED  ANYWHERE  ON  THE  LINE.  THE  EXAMPLE  VALUES  ARE 
NOT  DEFAULT  VALUES,  WHICH  KEANS  THAT  AN  ENTRY  IS  REQUIRED 
FOR  EACH  QUERY. 

TYPE  IN  THE  LASER  KODEl 

WAVELENGTH  (KANORTRS.) 

1964. 

1064. 

SEAR  DIAMETER  (CM) 

2.5 
5. 38 

EEAR  DIVERGENCE  (RAD. -FULL  ANG.) 

.000264 

2.E<«-4 

LASER  PG.'ER  (JOULES) 

O.II 

.125. 

.125. (-ERROR  IN  COL.  5.  RETYPE  RECORD  FROM  THIS  FIELD. 123 
EXPOSURE  DURATION  (SEC.) 

J.O 

1. 

PRF  (PPS) 

e.o 

39. 

SINGLE  FU'.SE  TIKE  (SEC)  (0.0E-15  FOR  C.W.  LASERS) 

.23E-07 

l.Si-8 

ESTER  A  1  OR  2 

1  CALCULATES  THE  0  D  REQUIRED  FOR  A  GIVEN  DISTANCE. 

2  CALCULATES  THE  SAFE  DISTANCE  FOR  A  GIVEN  0  D. 

I 

DISTANCE  (K)  FROM  LASER  TO  VIEWER 
1030. 

2500. 
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Example  1  (cont'd) 


RATIFICATION  OF  THE  OPTICAL  AID  DEVICE.  (0.0  IF  NONE) 

7. 

7. 

DIAMETER(MM)  OF  THE  OBJECTIVE  OF  THE  OPTICAL  AID  DEVICE. 

50. 

50. 

TRANSMISSION  OF  O.A.D.  FOR  WAVELENGTH  1064. 

(1.0  IF  UNWANTED  OR  UNKNOWN.) 

0.78 

1. 

ENTER  A  1  OR  2 

1  CALCULATES  THE  0  D  REQUIRED  FOR  A  GIVEN  DISTANCE. 

2  CALCULATES  THE  SAFE  DISTANCE  FOR  A  GIVEN  0  D. 

1 

DISTANCE  (H)  FROM  LASER  TO  VIEWER 

1000. 

2800 

ENTER  AN  AIRCRAFT  HEIGHT  (H)  FOR  THE  SAFE  DISTANCE  CURVES 
2000.  (2000.  N  *  6562  FT) 

2500 

ENTER  A  0  OR  1 

0  IF  YOU  WISH  TO  VIEW  ALL  RESULTS  REAL-TIME. 

1  TO  DISCONNECT  THE  FILE  -OUTPUT-  SO  THAT  RESULTS  MAY  BE  SELECTIVELY  PRINTED. 
0 
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W'AVELENGTH  (KM)  10S4.0 

BEAM  DIAMETER  (CM)  (1/E  PT)  5.38000000 

EEA1  DIVERGENCE  (RAD. -FULL  ANGLE)  .00026400 
P’JLSE  ENERGY  (JOULES)  .12500000 

EXPOSURE  DURATION  (SECONDS)  .10000000E+01 

PRF  (FPS)  30.0 

SINGLE  PULSE  TIME  WIDTH  (SECONDS)  .15000000E-07 
OPTICAL  AID  DEVICE  7.  X  50. 

TRANSMISSIVITY  OF  O.A.D.  1.0000 


LASER  CATEGORY-  AF  CAT  C 

DATE  OF  RUN  IS/ 11/81 
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SIN3LC  PULSE  SAFE  ETE  EXPOSURE  DISTANCES  (METERS) 


Example  1  (cont'd) 


OCULAR  POINT  EXTENDED  S.  SKIN 

H.P.E.  FOR  .150000E-07  SECS  .500000E-05  .123311E+00  .100000E+00 

O.D.  AT  LASER  APERTURE  3.04  .00 

EXTINCTION  TURBULENCE- 


COEFFICIENT 

STRONG 

HEAR 

• 

1000E-12  . 

1000E-13  . 

1000E-14  . 

1000E-15  . 

1000E-16 

0.000  VACUUM 

UNPROTECTED  EYE  SEED 

6554.3 

6554.3 

6554.3 

6554.3 

6554.3 

EYE  0  D  AT  2S00.  N 

.80 

.80 

.80 

.80 

.80 

UNFILTERED  O.A.D.  SEO 

47102.5 

47102.5 

47102.5 

47102.5 

47102.5 

O.A.D.  0  D  AT  2800.  N 

2.39 

2.39 

2.39 

2.39 

2.39 

.001  PURE  AIR 

UNPROTECTED  EYE  SEED 

2628.1 

5480.6 

6484.0 

6530.9 

6532.2 

EYE  0  D  AT  2500.  « 

.07 

.75 

.79 

.79 

.79 

UNFILTERED  O.A.D.  SED 

8424.7 

21839.2 

41093.9 

45836.4 

46021.0 

O.A.D.  0  D  AT  2800.  H 

l.SO 

2.34 

2.39 

2.39 

2.39 

.083  VERY  CLEAR 

UNPROTECTED  EYE  SEED 

2454.6 

4815.1 

5155.5 

5176.9 

5177.5 

EYE  0  D  AT  2500.  H 

.00 

.65 

.70 

.70 

.70 

UNFILTERED  O.A.D.  SED 

7054.0 

14545.9 

19285.0 

19676.7 

19688.3 

O.A.D.  0  D  AT  2600.  H 

1.50 

2.23 

2.29 

2.29 

2.29 

.120  CLEAR  DAY 

UNPROTECTED  EYE  SEED 

2388.4 

4378.9 

4830.7 

4847.9 

4848.4 

EYE  0  D  AT  2500.  N 

.00 

.62 

.66 

.67 

.67 

UNFILTERED  O.A.D.  SED 

6689.6 

13151.1 

I6S69.7 

16920.7 

16928.0 

O.A.D.  0  D  AT  2800.  « 

1.46 

2.19 

2.25 

2.25 

2.25 

.410  LIGHT  HAZE 

UNPROTECTED  EYE  SEEO 

2010.9 

3105.6 

3255.1 

3260.0 

3260. 1 

EYE  0  D  AT  2500.  H 

.00 

.30 

.35 

.35 

.35 

UNFILTERED  O.A.D.  SED 

4765.5 

7562.5 

8312.5 

8344.5 

8345.4 

O.A.D.  0  D  AT  2900.  It 

1.11 

1.84 

1.89 

1.90 

l.SO 

1.150  HAZE 

UNPROTECTED  EYE  SEEO 

1492.9 

1934.4 

1970.4 

1971.4 

1971.5 

EYE  0  D  AT  2500.  H 

.00 

.00 

.00 

.00 

.00 

UNFILTERED  O.A.D.  SED 

3011.1 

4011.5 

4144.7 

4149.1 

4149.2 

O.A.D.  0  D  AT  2800.  H 

.21 

.94 

.99 

1.00 

1.00 

Z.SSO  THIN  FOG 

UNPROTECTED  EYE  SEED 

SSI. 2 

1102.9 

1110.0 

1110.2 

1110.3 

EYE  0  D  AT  2500.  N 

.00 

.00 

.00 

.00 

.00 

UNrILTERED  O.A.D.  SED 

1742.1 

2039.9 

2059.9 

2060.6 

2060.6 

O.A.D.  0  D  AT  2800.  H 

.00 

.00 

.00 

.00 

.00 

7.620  LIGHT  FOG 

UNPROTECTED  EYE  SEEO 

527.4 

557.1 

558.2 

558.2 

558.2 

EYE  0  D  AT  2500.  H 

.00 

.00 

.00 

.00 

.00 

U.rlLTEREO  O.A.D.  SED 

885.3 

947.1 

949.7 

949.8 

949.8 

O.A.D.  0  D  AT  2800.  H 

.00 

.00 

.00 

.00 

.00 

19.600  KEDIUn  FOG 

UNPROTECTED  EYE  SEED 

265.8 

270.8 

271.0 

271.0 

271.0 

i  EYE  0  D  AT  2500.  H 

.00 

.00 

.00 

.00 

.00 

UNFILTERED  O.A.D.  SED 

428.0 

439.3 

438.7 

438.7 

438.7 

j  O.A.D.  0  D  AT  2800.  N 

.00 

.00 

.00 

.00 

.00 

;  78.200  THICK  FOG 

£  UNPROTECTED  EYE  SEEO 

80.8 

81.0 

81.0 

81.0 

81.0 

I  EYE  0  D  AT  2509.  N 

.00 

.00 

.00 

.00 

.00 

I  ^FILTERED  O.A.D.  SEO 

126.5 

126.9 

126.9 

127.0 

127.0 

I  O.A.D.  0  D  AT  2800.  It 

.00 

.00 

.00 

.00 

.00 
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MULTIPLE  PULSE  OCULAR  POINT  SAFE  EYE  DISTANCES  (METERS) 


Example  1  (cont'd) 


OCULAR  POINT  EXTENDED  S.  SKIN 

K.P.E.  FOR  .lOOOCOE+Ol  SECS  .912871E-0S  .225133E-01  .182574E-01 

O.D.  AT  LASER  APERTURE  3.78  ,0<> 

EXTINCTION  TURBULENCE- 

COEFFICIENT  STRONG  UEftl 

.1000E-12  .1000E-I3  .1000E-I4  . I000E-15  .1000E-18 

0.000  VACUUM 


UKFROTECTEO  EYE  SEED 

15612.4 

15612.4 

15612.4 

15612.4 

15612.4 

EYE  0  0  AT  2500.  H 

1.53 

1.53 

1.53 

1.53 

1.53 

UNFILTERED  O.A.D.  SED 

110509.3 

110509.3 

110509.3 

110509.3 

110509.3 

O.A.D.  0  D  AT  2S00.  H  3.13 

.001  PURE  AIR 

3.13 

3.13 

3.13 

3.13 

UNPROTECTED  EYE  SEED 

4433.4 

10573.8 

15064.6 

15478.3 

15490.0 

EYE  0  D  AT  2500.  H 

.81 

1.48 

1.53 

1.53 

1.53 

UNFILTERED  O.A.D.  SED 

13702.4 

36451,0 

60455.3 

103385.5 

104612.3 

O.A.D.  0  D  AT  2800.  N  2.34 

.038  VERY  CLEAR 

3.07 

3.13 

3.13 

3.13 

UNPROTECTED  EYE  SEED 

3S93.7 

8144.8 

9830.8 

9SS5.1 

9337.8 

EYE  0  D  AT  2500.  11 

.71 

1.39 

1.44 

1.44 

1.44 

UNFILTERED  O.A.D.  SED 

10548.3 

20S37.1 

26836.7 

29700.2 

29727.1 

O.A.D.  0  D  AT  2800.  N 

.120  CLEAR 

2.24 

DAY 

2.97 

3.02 

3.03 

3.03 

UNPROTECTED  EYE  SEED 

3BS0.7 

7566.6 

8938.3 

9006.4 

3008.3 

EYE  0  D  AT  2500.  H 

.68 

1.3S 

1.40 

1.40 

1.40 

UNFILTERED  O.A.D.  SED 

9317. 7 

18591.4 

24282 .8 

24783.0 

24798.7 

O.A.D.  0  D  AT  2800.  H 

.410  LIGHT 

2.20 

HAZE 

2.93 

2.99 

2.99 

2.39 

UNPROTECTED  EYE  SEED 

3036.2 

4854.7 

5207.2 

5220.0 

5220.3 

EYE  0  D  AT  2500.  K 

.36 

1.04 

1.09 

1.09 

1.09 

UNFILTERED  O.A.D.  SED 

6432.7 

9S37.4 

11065.5 

11119.9 

11121.4 

O.A.D.  0  D  AT  2800.  H 

1.150  HAZE 

1.84 

2.58 

2.63 

2.63 

2.63 

UNPROTECTED  EYE  SEED 

2092.2 

2783.7 

2854.3 

2656.5 

2656.5 

EYE  0  D  AT  2500.  H 

.00 

.24 

.28 

.29 

.29 

UNFILTERED  O.A.D.  SED 

3818.5 

5039.6 

5232.5 

5239.1 

5239.3 

O.A.D.  0  D  AT  2800.  N  .34 

2.S50  THIN  FOG 

1.68 

1.73 

1.73 

1.73 

UNPROTECTED  EYE  SEED 

1286.2 

1435.0 

1507.2 

1507.6 

1507.6 

EYE  0  D  AT  2500.  M 

.00 

.00 

.00 

.00 

.00 

UNFILTERED  O.A.D.  SED 

2120.8 

2493.2 

2512.5 

2513.4 

2513.4 

O.A.D.  0  D  AT  2800.  N  .00 

7.820  LIGHT  FOG 

.00 

.00 

.00 

.00 

UNPROTECTED  EYE  SEED 

680.2 

723.3 

725.0 

725.0 

725.0 

EYE  0  D  AT  2500.  N 

.00 

.00 

.00 

.00 

.00 

UNFILTERED  O.A.D.  SED 

1050.0 

1126.5 

1130.0 

1130.1 

1130.1 

O.A.D.  0  D  AT  2800.  H 

19.600  MEDIUM 

.00 

FOG 

.00 

.00 

.00 

.00 

UNPROTECTED  EYE  SEED 

335.3 

343.1 

343.3 

343.3 

343.3 

EYE  0  D  AT  2500.  N 

.00 

.00 

.00 

.00 

.00 

UNFILTERED  O.A.D.  SED 

500.7 

513.7 

514.1 

514.1 

514.1 

O.A.D.  0  0  AT  2800.  H  .00 

78.200  THICK  FOG 

.00 

.00 

.00 

.00 

UNPROTECTED  EYE  SEED 

100.7 

101.0 

101.0 

101.0 

101.0 

EYE  0  D  AT  2500.  H 

.00 

.00 

.00 

.00 

.00 

UNFILTERED  O.A.D.  SED 

146.6 

147.1 

147,2 

147.2 

147.2 

O.A.D.  0  D  AT  2800.  N 

.00 

.00 

.00 

.00 

.00 
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SINGLE  PULSE  AIR-TQ-GROUKD  SAFE  DISTANCES 


EGL1N  AND  MIDLATITUDE.  SUMMER  -CLEAR  DAY  ATMOSPHERIC  CONDITIONS 


AFOSH  DATA 

(1972) 

STANDARD  (1980) 

EGLIN  SUMMER  (1980) 

NAKED 

CLEAR 

NAKED 

CLEAR 

NAKED 

CLEAR 

EYE 

OAD 

EYE 

OAD 

EYE 

OAD 

ALT 

SED 

SED 

SED 

SED 

SED 

SED 

KH 

N 

H 

H 

N 

H 

H 

0.0 

5171.8 

1SE36.3 

5940.6 

29351.4 

5943.5 

29402.4 

1.0 

5537.4 

23494.9 

6124.3 

32SS4.0 

6125.5 

33019.4 

2.0 

5774.6 

26S59.8 

6253.2 

35148.1 

6254.1 

35171.3 

3.0 

5939.7 

29337.1 

6320.9 

38079.0 

6321.7 

38100.1 

4.0 

6052.5 

31470.6 

6359.4 

39281.1 

6359.9 

39299.2 

5.0 

6130.2 

33126.3 

6385.8 

40157.5 

6396. 2 

40173.4 

G.O 

GIBE. 6 

34442.1 

6405.7 

40848.3 

6406.1 

40862.6 

7.0 

0.0 

35508.9 

0.0 

41426.9 

0.0 

41439.3 

8.0 

0.0 

35377.9 

0.0 

41921.0 

0.0 

41931.9 

9.0 

0.0 

37087.9 

0.0 

42355.0 

0.0 

42364.6 

10.0 

0.0 

37712.5 

0.0 

42722.0 

0.0 

42730.5 

11.0 

0.0 

38242.0 

0.0 

43034.5 

0.0 

43042.2 

12.0 

0.0 

35701.8 

0.0 

43303.7 

0.0 

43310.8 

13.0 

0.0 

39105.5 

0.0 

43538.0 

0.0 

43544.8 

14.0 

0.0 

39467.2 

0.0 

43743.7 

0.0 

43750.4 

15.0 

0.0 

39792.0 

0.0 

43525.7 

0.0 

43932.0 

16.0 

0.0 

40087.3 

0.0 

44098.2 

0.0 

44094.1 

17.0 

0.0 

40355.8 

0.0 

44234.2 

0.0 

44239.9 

18.0 

0.0 

40601.0 

0.0 

44366.8 

0.0 

44372.1 

19.0 

0.0 

40829.5 

0.0 

44487.8 

0.0 

44492.9 

20.0 

0.0 

41048.4 

0.0 

445S9.1 

0.0 

44604.0' 

K3TE-  ZERO  SED  INDICATES  NO  CROWD  INTERCEPT. 
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S INGLE  PULSE  AIR-TO-GROUND  SAFE  DISTANCES 
EGLIN  SEASONAL  ATMOSPHERIC  CONDITIONS 
HINTER  SPRING '  FALL 


NAKED 

CLEAR 

NAKED 

CLEAR 

NAKED 

CLEAR 

EYE 

OAR 

EYE 

OAD 

EYE 

OAD 

ALT 

SED 

SED 

SED 

SED 

SED 

SED 

KH 

H 

H 

M 

n 

H 

R 

0.0 

5943.8 

29408.9 

5940.6 

29351.1 

5940.4 

293(8.4 

1.0 

6123.9 

32985.7 

6123.0 

32SS3.5 

6125.3 

33014.4 

2.0 

6252.8 

36137.7 

6251.3 

35112.8 

6253.9 

35167.9 

3.0 

6320.6 

38070.1 

6319.8 

38044.9 

6321.6 

38099.0 

4.0 

6359.2 

39273.0 

6358.4 

39249.3 

6359.9 

39298.5 

5.0 

6385.6 

40150.6 

6384.9' 

40128.7 

6386.2 

40173.4 

6.0 

£405.5 

40844.1 

6405.0 

40822.1 

6406.1 

40864.2 

7.0 

0.0 

41421.5 

0.0 

41403.7 

0.0 

41439.4 

8.0 

0.0 

41915.8 

0.0 

41899.6 

0.0 

41931.9 

9.0 

0.0 

42349.8 

0.0 

42335.2 

0.0 

42364.5 

10.0 

0.0 

42716.8 

0.0 

42703.4 

0.0 

42730.4 

11.0 

0.0 

43029.5 

0.0 

43017.1 

0.0 

43041.9 

12.0 

0.0 

43298.7 

0.0 

4326S.3 

0.0 

43310.2 

13.0 

0.0 

43533.1 

0.0 

43521.9 

0.0 

43544.0 

14.0 

0.0 

43738.3 

0.0 

43728.0 

0.0 

43749.2 

13.0 

0.0 

43320.9 

0.0 

43910.5 

0.0 

43930.9 

16.0 

0.0 

44083.4 

0.0 

44073.0 

0.0 

44092.1 

17.0 

0.0 

44229.5 

0.0 

44219.6 

0.0 

44238.4 

18.0 

0.0 

443S2.1 

0.0 

44352.5 

0.0 

44370.7 

19.0 

0.0 

44483.3 

0.0 

44474.1 

0.0 

44491.6 

20.0 

0.0 

44594.8 

0.0 

44585.9 

0.0 

44602.7- 

K3TE-  ZERO  SED  INDICATES  NO  GROUND  INTERCEPT. 
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NAKED 

CLEAR 

NAKED 

CLEAR 

NAKED 

CLEAR 

EVE 

OAD 

EVE 

OAD 

EYE 

OAD 

ALT 

SED 

SED 

SED 

SED 

SED 

SED 

KH 

H 

H 

N 

R 

N 

R 

0.0 

9970.2 

22631.5 

12699.9 

49708.9 

12711.7 

4932B.5 

1.0 

11176.4 

37015.3 

13481.6 

58734.0 

13486.5 

58801.4 

2.0 

12044.6 

43641.1 

14071.0 

67497.4 

14075.1 

67566.1 

3.0 

12ES6.7 

49676.6 

14396.2 

73415.4 

14399.4 

73482.1 

4.0 

13169.6 

54834.2 

14585.9 

77355.1 

14588.6 

77417.3 

5.0 

13507.8 

59082.5 

14718.3 

80369.9 

14720.6 

80426.2 

6.0 

13761.5 

62632.3 

14819.6 

92846.6 

14821.6 

82897.4 

7.0 

13957.7 

65639.7 

14901.8 

84977.7 

14903.5 

65024.0 

8.0 

14111.0 

68177.2 

14970.5 

85655.6 

14972.0 

86897.3 

9.0 

14234.4 

70354.2 

15029.8 

895*5.0 

5:31.1 

88555.7 

10.0 

1433S.4 

72255.2 

15079.1 

90012.4 

15080.3 

30046.5 

11.0 

14422.4 

73865.0 

15120.5 

91284.7 

15121.5 

91316.3 

12.0 

14495.6 

75424.6 

15155.7 

92399.4 

15156.6 

92429.2 

13.0 

14558.8 

76766.5 

15166.1 

93385.2 

15187.0 

93414.1 

14.0 

14S14.3 

77935.0 

15212.4 

942S2.5 

15213.3 

94290.9 

15.0 

14514.4 

79097.4 

15235.6 

95048.3 

15235.4 

95075.6 

16.0 

0.0 

80124.1 

0.0 

95757.2 

0.0 

957B3.4 

17.0 

0.0 

81070.2 

0.0 

9S401.6 

0.0 

96426.3 

18.0 

0.0 

61945.8 

0.0 

96991.0 

0.0 

97015.1 

19.0 

0.0 

B2771.7 

0.0 

97534.0 

0.0 

97557.3 

20.0 

0.0 

B3572.2 

0.0 

S8037.1 

0.0 

99060.1 

N3TE-  ZERO  SED  INDICATES  NO  GROUND  INTERCEPT. 


Example  1  (cont'd) 


MULTIPLE  PULSE  AIR-TO-GROUND  SAFE  DISTANCES 


EGLIN  AND  MIDLATITUDE.  SUMER-CLEAR  DAT  ATMOSPHERIC  CONDITIONS 
AFOSH  DATA  (1972)  STANDARD  (19S0)  EGLIN  SUNKEN  (1980) 
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Example  1  (cont'd) 
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HULTIPLE  PULSE  AIR-TO-GROUND  SAFE  DISTANCES 
EGLIN  SEASONAL  ATMOSPHERIC  CONDITIONS 


WINTER  SPRING  FAIL 


NAKED 

CLEAR 

NAKED 

CLEAR 

NAKED 

CLEAR 

EYE 

DAD 

EYE 

OAD 

EYE 

OAD 

ALT 

SED 

SEO 

SED 

SED 

SED 

SED 

KN 

N 

N 

H 

H 

N 

H 

0.0 

12713.2 

49843.7 

12699.8 

49708.2 

12699.2 

49702.0 

1.0 

13479.9 

58712.4 

13475.4 

58553.8 

13485.5 

58788.6 

2.0 

14069.3 

674G6.9 

140S4.9 

67394.1 

14074.6 

67556.0 

3.0 

14394.5 

73386.4 

14390.3 

73306.1 

14399.0 

73475.3 

4.0 

l*5e4.6 

77328.8 

14580.9 

77248.1 

14588. S 

77414.1 

5.0 

14717.2 

80345.8 

14714.0 

60268.9 

14720.6 

80426.0 

6.0 

14818.7 

82824.6 

14815.9 

82752.5 

14621.6 

826SB.0 

7.0 

14901.0 

84S57.4 

14899.4 

84S30.2 

14803.5 

65024.3 

8.0 

14999.8 

86835.1 

14967.6 

85773.3 

14972.0 

66897.1 

9.0 

15029.2 

88497.0 

15027.1 

eS470.2 

15031.1 

85555.7 

10.0 

15078.5 

89991.7 

15076.6 

89537.8 

15080.3 

90046.2 

11.0 

15119.9 

91263.9 

15118.2 

91212.9 

15121.5 

91315.4 

12.0 

15155.1 

9Z378.4 

15153.5 

92329.6 

15156.6 

92427.0 

13.0 

15185.4 

93364.4 

isiei.o 

93316.9 

15186.8 

93410.4 

14.0 

15211.8 

94241.9 

15210.4 

84195.4 

15213.1 

94286.1 

15.0 

15235.0 

95027.5 

15233.6 

S4S81.6 

15236.2 

95070.1 

16.0 

0.0 

95726.2 

0.0 

S5E91.0 

0.0 

95777.3 

17.0 

0.0 

96330.6 

0.0 

95336.3 

0.0 

95420.2 

18.0 

0.0 

S6970.4 

0.0 

96927.6 

0.0 

97008.7 

19.0 

0.0 

97514.1 

0.0 

97472.4 

0.0 

97551.0 

20.0 

0.0 

83018.1 

0.0 

97977.7 

0.0 

98053.7 

NOTE-  ZERO  SED  INDICATES  NO  GROUND  INTERCEPT. 
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Example  1  (cont'd) 
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SINGIE  PULSE  SAFE  DISTANCE  CURVES  FOR  HEIGHT  OF  2500.0  R 
EGLIN  AND  NIDLATITUDE.  SUMER-CLEAR  DAT  ATMOSPHERIC  CONDITIONS 


AFOSH  DATA 

(1972) 

STANDARD  (19B0) 

EGLIN  SUMER  (1980) 

NAKED 

CLEAR 

NAKED 

CLEAR 

NAKED 

CLEAR 

DEFL 

EYE 

OAD 

EYE 

OAD 

EYE 

OAD 

ANG 

SED 

SED 

SED 

SED 

SED 

SED 

DEG 

H 

H 

H 

n 

fl 

H 

0.0 

6441.2 

21000.0 

6464.9 

21000.0 

6465.1 

21000.0 

15.0 

643B.9 

21000.0 

6462.6 

21000.0 

6462.8 

21000.0 

20.0 

6431.3 

21000.0 

6454.9 

21000.0 

6455.1 

21000.0 

45.0 

6415.2 

21000.0 

6440.1 

21000.0 

6440.4 

21000.0 

GO.O 

63B5.0 

21000.0 

6413.1 

21000.0 

6413.5 

21000.0 

75.0 

6324.8 

40690.2 

6345.9 

44511.2 

6346.6 

44515.5 

90.0 

6315.3 

31290.4 

6390.6 

40314.8 

6391.1 

40333.4 

105.0 

6056.8 

-9659.3 

6365.2 

-9659.3 

6365.8 

-9659.3 

120.0 

-5000.0 

-5000.0 

-5000.0 

-5000.0 

-5000.0 

-5000.0 

135.0 

-3535.5 

-3535.5 

-3535.5 

-3535.5 

-3535.5 

-3535.5 

150.0 

-28BS.8 

-28BS.8 

-28BS.8 

-2B86.8 

-2886. 8 

-2886.8 

165.0. 

-2559. 2 

-2589.2 

-25SB.2 

-2588.2 

-2588.2 

-2588.2 

180.0 

-2500.0 

-2500.0 

-2500.0 

-2500.0 

-2500.0 

-2500.0 

MTE-  TERMINATION  OF  THE  BEAN  BY  GROUND  INTERSECTION  IS 
INDICATED  BY  A  NEGATIVE  SED. 

SEDS  ARE  ALSO  TERMINATED  AT  A  21  KH  CEILING. 
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SINGLE  PULSE  SAFE  DISTANCE  CURVES  FOR  HEIGHT  OF  2500.0  If 


EGLIN  SEASONAL  ATMOSPHERIC  CONDITIONS 
WINTER  SPRING  FALL 


NAKED 

CLEAR 

NAKED 

CLEAR 

NAKED 

CLEAR 

DEFL 

EYE 

OAD 

EYE 

OAD 

EYE 

OAD 

ANG 

SED 

SED 

SED 

SED 

SED 

SED 

DEG 

N 

N 

N 

N 

If 

H 

0.0 

6464.8 

21000.0 

6464.3 

21000.0 

6465.1 

21000.0 

IS.O 

6462.5 

21000.0 

6462.1 

21000.0 

6462.9 

21000.0 

30.0 

6454.7 

21000.0 

6454.2 

21000.0 

64SS.2 

21000.0 

45.0 

6433.9 

21000.0 

6439.3 

21000.0 

6440.4 

21000.0 

60.0 

6412. B 

21000.0 

6412.1 

21000.0 

6413.6 

21000.0 

75.0 

6345.4 

44505.9 

6344.3 

44494.8 

6346.6 

44515.4 

30.0 

63S0.2 

40301.2 

6389.4 

40272.7 

6391.1 

40332.5 

105.0 

6354.8 

-9S59.3 

6364.0 

-SS59.3 

6365.7 

-9SS9.3 

120.0 

-5000.0 

-5000.0 

-5000.0 

-5000.0 

-5000.0 

-5000.0 

135.0 

-3535.5 

-3535.5 

-3535.5 

-3535.5 

-3535.5 

-3535.5 

150.0 

-2886.8 

-2886.8 

-2696.8 

-2896.8 

-2886.8 

-2896.8 

165.0 

-25B8.2 

-2588.2 

-2588.2 

-2598.2 

-2589.2 

-2588.2 

1B0.0 

-2500.0 

-2500.0 

-2500.0 

-2500.0 

-2500.0 

-2500.0 

NOTE-  TERMINATION  OF  THE  BEAM  6Y  GSOllHD  INTERSECTION  IS 
INDICATED  BY  A  NEGATIVE  SED. 

SEDS  ARE  ALSO  TERMINATED  AT  A  21  Kll  CEILING. 
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MULTIPLE  PULSE  SAFE  DISTANCE  CURVES  FOR  HEIGHT  OF  2500.0  H 


EGLIN  AND  HIDLATITUDE,  SUMER -CLEAR  DAY  ATMOSPHERIC  CONDITIONS 
AFOSH  DATA  (1372)  STANDARD  (I960)  EGLIN  SUMMER  (1980) 


NAKED 

CLEAR 

NAKED 

CLEAR 

NAKED 

CLEAR 

DEFL 

EYE 

OAO 

EYE 

OAD 

EYE 

OAD 

AN'G 

SED 

SED 

SED 

SED 

SED 

SED 

DEG 

H 

H 

H 

n 

H 

1! 

0.0 

15221.7 

21000.0 

15373.7 

21000.0 

15374.1 

21000.0 

15.0 

15214.5 

21000.0 

153SS.6 

21000.0 

15387.0 

21000.0 

30.0 

15190.9 

21000.0 

15342.0 

21000.0 

15343.3 

21000.0 

<5.0 

15144.9 

21000.0 

15292.6 

21000.0 

15293.1 

21000.0 

GO.O 

tSOSl .4 

21000.0 

15185.4 

21000.0 

15186.2 

21000.0 

75.0 

14795.9 

21000.0 

14934.4 

21000.0 

14936.3 

21000.0 

90.0 

K2SB.4 

21000.0 

14741.7 

21000.0 

14744.5 

21000.0 

105.0 

-9S59.3 

-9859. 3 

-9859.3 

-9859.3 

-8B59.3 

-9659.3 

120.0 

-5000.0 

-5000.0 

-5000.0 

-5000.0 

-5000.0 

-5000.0 

135.0 

-3535.5 

-3535.5 

-3535.5 

-3535.5 

-3535.5 

-3535.5 

150.0 

-2E2S.B 

-2088.8 

-2898.8 

-2836.8 

-2866.8 

-2886.8 

1G5.0 

-2588.2 

-2588.2 

-2569. 2 

-2588.2 

-2598.2 

-2588.2 

180.0 

-2500.0 

-2500.0 

-2500.0 

-2500.0 

-2500.0 

-2500.0 

NOTE-  TERMINATION  OF  THE  BEAM  BY  GROUND  INTERSECTION  IS 
INDICATED  BY  A  NEGATIVE  SED. 

SEDS  ARE  ALSO  TERMINATED  AT  A  21  KH  CEILING. 
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HULTIPLE  PULSE  SAFE  DISTANCE  CURVES  FOR  HEIGHT  OF  2500.0  H 


EGLIN  SEASONAL  ATHOSPHERIC  CONDITIONS 


UINTER 


SPRING 


NAKED 

CLEAR 

NAKED 

CLEAR 

NAKED 

CLEAR 

DEFL 

EYE 

OAD 

EYE 

OAD 

EYE 

OAD 

ANG 

SED 

SED 

SED 

SED 

SEO 

SEO 

DEG 

H 

H 

N 

N 

n 

R 

0.0 

15373.1 

21000.0 

15372.0 

21000.0 

15374.0 

21000.0 

15.0 

15355.0 

21000.0 

15354.8 

21000.0 

15356. 9 

21000.0 

30.0 

15342.2 

21000.0 

15341.0 

21000.0 

15343.2 

21000.0 

45.0 

15291.9 

21000.0 

15290.5 

21000.0 

15293.1 

21000.0 

60.0 

15184.7 

21000.4 

15182.8 

21000.0 

15186.4 

21000.0 

75.0 

14933.3 

21000.0 

14929.7 

21000.0 

14336.6 

21000.0 

90.0 

14739.7 

21000.0 

14735.5 

21000.0 

14744.4 

21000.0 

105.0 

-9559.3 

-9659.3 

-9559.3 

-2559. 3 

-SS59.3 

-9559.3 

120.0 

-5000.0 

-5000.0 

-5000.0 

-5000.0 

-5000.0 

-5000.0 

135.0 

-3535.5 

-3535.5 

-3535.5 

-3535.5 

-3535.5 

-3535.5 

150.0 

-2ESS.8 

-2836.8 

-28BS.8 

-2886.8 

-2886.8 

-2E8B.8 

165.0 

-2569.2 

-2563.2 

-2563.2 

-2568.2 

-2568.2 

-2588.2 

ieo.o 

-2500.0 

-2500.0 

-2500.0 

-2500.0 

-2500.0 

-2500.0 

NOTE-  TEF.riKATION  OF  THE  BEAU  BY  GROUND  INTERSECTION  IS 
INDICATED  BY  A  NEGATIVE  SED. 

SEDS  ARE  ALSO  TERMINATED  AT  A  21  KH  CEILING. 

STOP 

35500  MAXIMUM  EXECUTION  a. 

1.575  CP  SECONDS  EXECUTION  TIRE. 

COMMAND-  Files 
--LOCAL  FILES— 

UATAFL  tSEED4  (INPUT  (OUTPUT 
SEDIKP  TAPE10 
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Example  2 


Example  2  illustrates  a  method  of  utilizing  the  input 
constants  file  SEDINP,  which  was  generated  by  the  execution  of 
SEED4  in  example  1.  After  making  the  desired  changes  -  in  this 
case,  requesting  the  calculation  of  a  distance  (line  230)  for 
an  O.D.  of  2.39  (line  240)  -  the  program  may  be  executed  without 
utilizing  the  interactive  feature. 

Note  that: 

1.  The  corrected  file  is  saved  on  the  CDC  operating 
system  as  NEXT. 

2.  The  file  SEDINP  and  the  plot  tape,  TAPElO,  are 
returned  prior  to  execution. 

3.  The  program  file,  SEED4,  must  be 
rewound. 

4.  The  OUTPUT  file  is  disconnected. 

5.  The  input  constants  file  NEXT  must  follow  the 
execution  command,  SEED4.  (SEED4,NEXT) 
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Example  2 


COMAN'D-  editor 

..t.ttditipit 


no* 

.10S400E+04 

WAVELENGTH 

120= 

.53S000E+01 

BEAU  DIAH. 

no* 

.2S4000E-03 

DIVERGENCE 

140= 

.125000E+00 

POWER 

150= 

•100000E+01 

DURATION 

160= 

.300000E*02 

PRF 

170* 

.150000E-07 

PULSEW1DTH 

190= 

1 

od-dis  sa 

190* 

.250000E*04 

DISTANCE 

200* 

•700000E*01 

HAG  O.A.D. 

210= 

. 500000E+02 

DIAH  O.A.D 

220= 

.  100000E+01 

XN1S  O.A.D 

230* 

1 

OAO  OD-DIS 

240* 

.2S0003E+04 

OAD  D1ST 

250= 

.2500006*04 

A-C  HEIGHT 

2E0* 

0 

OUTPUT  C-D 

../1/--/2/.230 

I  OWJEIS) 

..d>240 
..a. 240 
240=2.39/. 

ADD  kCST  REPLACE  OS  EYPASS  USES. 
..1.240 
240=2. 

..<>240 
..a. 240 
240=  2.39 

ADD  W3ST  REPLACE  OS  BYPASS  LIKES. 

. • 5 >rin t »© > R 

..I 

CC.W.’D-  rr.urn.sfdinp.taMlO 
CPW.’J-  r«-ind.sefd4. 
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COPLAND-  4mont,»utr«t  Example  2  (cont'd) 

COKPAMJ-  srfdt.nut 
STOP 

38200  MAXIMUM  EXECUTION  FI. 

1.227  CP  SECONDS  EXECUTION  TINE. 

CONNAND-  rase » output 
Readr.. 

*  1- 


PAGE  *  I- 


WWEIEN5TH  (Ml  1054.0 

BEAN  DIAfltTE*  (CHI  (1/E  PT)  5.38000000 

BEAN  DIVERGENCE  (RAD. -FULL  ANGLE)  .00026400 
FILSE  ENERGY  (JOULES)  .12500000 

Line  64 


EXPOSURE  DURATION  (SECONDS)  .lOOOOOOOE+Ot 

FRF  (PPS)  30.0 

SINGLE  PULSE  TINE  WIDTH  (SECONDS)  .15003000E-07 
OPTICAL  AID  DEVICE  7.  X  50. 

TRAsSr.ISSlVITY  OF  O.A.D.  1.0000 


LASER  CATEGORY-  AF  CAT  C 


CATE  OF  RUN  1S/1J/8! 


Lire  75 
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Example  2  (cont’d) 


*  2 


PAGE  -  2- 


S INGLE  PULSE  SAFE  EYE  EXPOSURE  DISTANCES  ( METERS ) 

OCULAR  POINT  EXTENDED  S.  SKIM 

H.P.E.  FOR  .150000E-07  SECS  .500000E-05  .123311E+00  .lOOOOOE+OO 

O.D.  AT  LASER  APERTURE  3.04  .00 


EXTINCTION  TURBULENCE- 

COEFFICIENT  STRONG  WEAK 

.1000E-12  .1000E-13  .1000E-14  .1000E-15  .1000E-I6 

Lint  88 


0.000  VACUUM 


UNPROTECTED  EYE  SEED 

6554.3 

6554.3 

6554.3 

6554.3 

6554.3 

EYE  0  D  AT  2500.  H 

.80 

.80 

.80 

.60 

.80 

UNFILTERED  O.A.D.  SED 

47102.5 

47102.5 

47102.5 

47102.5 

47102.5 

RANGE  FOR  2.33  O.A.D.  OD 

2816. 

281S. 

2816. 

2816. 

2816. 

.001  PURE 

AIR 

UNPROTECTED  EYE  SEED 

2823.1 

54S0.S 

6464.0 

6530.9 

6532.2 

EYE  0  D  AT  2500.  H 

.07 

.75 

.73 

.79 

.79 

UNALTERED  O.A.D.  SED 

8424.7 

21839.2 

41099.9 

45836.4 

46021.0 

RANGE  FOR  2.39  O.A.D.  OD 

1533. 

2634. 

2805. 

2811. 

2811. 

Line  93 


.OSa  VERY  CLEAR 

UNPROTECTED  EYE  SEED  2454.6 

4615.1 

5155.5 

5176.9 

5177.5 

EYE  0  D  AT  2500.  H  .00 

.65 

.70 

.70 

.70 

UNFILTERED  O.A.D.  SED  7054.0 

14545.9 

1SZ85.0 

19S7G.7 

19668.3 

RANGE  FOR  2.29  O.A.D.  OD  1464. 

2377. 

2497. 

2501. 

2501. 

.120  CLEAR  DAY 

UNPROTECTED  EYE  SEED  2383.4 

4378.9 

4830.7 

4647.9 

4848.4 

EYE  0  D  AT  2500.  H  .00 

.62 

.66 

.67 

.67 

UNFILTERED  O.A.D.  SED  6683.6 

13151.1 

16ES9.7 

16920.7 

16928.0 

RANGE  FOR  2.39  O.A.D.  OD  1441. 

2299. 

240S. 

2409. 

2409. 

.410  LIGHT  HAZE 

Lint  UO 


UNPROTECTED  EYE  SEED 

2010.9 

3105. 6 

3255.1 

3260.0 

3260.1 

EYE  0  D  AT  2500.  N 

.00 

.30 

.35 

.35 

.35 

UNFILTERED  O.A.D.  SED 

4765.5 

7562.5 

8312.5 

8344.5 

8345.4 

RANGE  FOR  2.29  O.A.D.  OD 

1263. 

1809. 

1857. 

1659. 

1859. 

1.150  HAZE 

UNPROTECTED  EYE  SEED 

1462.9 

1924.4 

1870.4 

1971.4 

1971.5 

EYE  0  D  AT  2500.  fl 

.00 

.00 

.00 

.00 

.00 

UNFILTERED  O.A.D.  SED 

3011.1 

4011.5 

4144.7 

4149.1 

4149.2 

RANGE  FOR  2.39  O.A.D.  OD 

994. 

1244. 

1259. 

1260. 

1260. 

2.350  THIN  FOG 

UNPROTECTED  EYE  SEED 

561.2 

1102.9 

1110.0 

1110.2 

1110.3 

B-40.2.3 
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Example  2  (cont’d) 


Lint  121 


EYE  0  D  AT  2500.  H 

.00 

.00 

.00 

.00 

.00 

UNFILTERED  O.A.D.  SED 

1742.1 

2038.9 

2059.9 

2060.6 

2060.6 

RANGE  FOR  2.39  O.A.D.  OD 

680. 

765. 

768. 

768. 

768. 

7.820  LIGHT  FOG 

UNPROTECTED  EYE  SEED 

527.4 

557.1 

558.2 

558.2 

558.2 

EYE  0  D  AT  2500.  H 

.00 

.00 

.00 

.00 

.00 

UNFILTEREO  O.A.D.  SED 

885.3 

947.1 

949.7 

949.8 

949.8 

RANGE  FOR  2.39  O.A.D.  OD 

389. 

408. 

408. 

408. 

408. 

19. GOO  KED1UN  FOG 

UNPROTECTED  EYE  SEED 

265.8 

270.8 

271.0 

271.0 

271.0 

EYE  0  D  AT  2500.  H 

.00 

.00 

.00 

.00 

.00 

Line  132 

4  UNFILTEREO  O.A.D.  SED 

428.0 

438.3 

438.7 

438.7 

438.7 

RANGE  FOR  2.39  O.A.D.  OD 

201. 

204. 

204. 

204. 

204, 

78.200  THICK  FOG 

UNPROTECTED  EYE  SEED 

80.8 

81.0 

81.0 

81.0 

81.0 

EYE  0  *  ’  2500.  H 

.00 

.00 

.00 

.00 

.00 

UNFILTERED  O.A.D.  SED 

126.5 

126.9 

126.9 

127.0 

127.0 

RANGE  FOR  2.39  O.A.D.  OD 

62. 

62. 

62. 

62. 

62 

1 
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e 


B-40.2.4 


(Revised  03/01/82) 


Example  3 


The  purpose  of  Example  3  is  to  illustrate  the  output 
produced  by  SEED4  for  a  CW  laser.  Note  that  prior  to  execution 
all  extraneous  files  have  been  returned,  and  that  file  OUTPUT 
has  been  connected  so  that  the  interactive  feature  of  the 
program  may  be  utilized. 


B-40.3 


(Revised  03/01/82) 


Example  3 


CGBRAND-  files 
--LOCAL  FILES- 

NEXT  «DATAFL  *SEE0«  4INPUT  OUTPUT 
LAZRCOF  TAPE10  SEDINP 
COMMAND-  rtturnx.sttd<>  .  inrut. iuLmiL 
COMMAND-  connretioutput 
COMMAND-  rewind* 

COMMAND-  seed4 

LASER  SEED  MATRIX  COMPUTATION  PROGRAM 

ENTRY  OF  ALL  VALUES  MAY  BE  DECIMAL  OR  EXPONENTIAL.  AND  RAY 
BE  LOCATED  ANYWHERE  ON  THE  LINE.  THE  EXAMPLE  VALUES  ARE 
NOT  DEFAULT  VALUES,  WHICH  MEANS  THAT  AN  ENTRY  IS  REQUIRE# 

FOR  EACH  QUERY. 

TYPE  IN  THE  LASER  MODEL 

WAVELENGTH  (NAN'OMTRS.I 
1064. 

E3Z.8 

EEA*  DIAMETER  (CM) 

2.5 

7.07«-2 

EE  AM  DIVERGENCE  (RAD. -FULL  ANG.) 

.(•00264 

7.07e-4 

LASER  POWER  (JOULES) 

0.11 

. OD075 

Er-GEUEE  DURATION  (SEC.) 

1.0 

.25 

FRF  (PPS) 

8.0 

0. 

SINGLE  PULSE  TINE  (SEC)  (0.0E-15  FOR  C.H.  LASERS) 

.23E-07 

O.Qi-15 

ENTER  A  1  CR  2 

1  CALCULATES  THE  0  D  REP'JIRED  FGR  A  GIVEN  DISTANCE. 

2  CALCULATES  THE  SAFE  DISTANCE'  FOR  A  GIVEN  0  D. 

1 

DISTANCE  (M)  FROM  LASER  TO  VIEWER 

1000. 

10 

MAGNIFICATION  OF  THE  OPTICAL  AID  DEVICE.  (0.0  IF  NONE) 

7. 

0 

ENTER  AN  AIRCRAFT  HEIGHT  (H)  FOR  THE  SAFE  DISTANCE  CURVES 
2000.  (2000.  H  *  6562  FT) 

2000 

ENTER  A  0  OR  1 

0  IF  YOU  WISH  TO  VIEH  ALL  RESULTS  REAL-TIME. 

1  TO  DISCONNECT  THE  FILE  -OUTPUT-  SO  THAT  RESULTS  MAY  BE  SELECTIVELY  PRINTED. 
0 
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(Revised  03/01/82) 


Example  3  (cont’d) 
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CH  LASER 

WAVELENGTH  (Ml  G32.I 

BEAN  DIAMETER  (CN)  (1/E  PTI  .07070000 

PEAN  DIVERGENCE  (RAD. -FULL  ANGLE)  .00070700 

FOLSE  ENERGY  (JOULES)  .00075000 

EXPOSURE  DURATION  (SECONDS)  .25000000E+00 

PRF  (PPS)  w.w 

SINGLE  PULSE  TIKE  WIDTH  (SECONDS)O. 

OPTICAL  AID  DEVICE  0.  I  0. 

’S-'SK1SS!VITY  OF  O.A.D.  0.0000 


THIS  IS  A  CH  LASER. 

LASER  CATEGORY-  AF  CAT  C 

DATE  OF  RUN  1S/U/B1 
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Example  3  (cont'd) 
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S INGLE  PULSE  SAFE  EYE  EXPOSURE  DISTANCES  METERS) 

OCULAR  POINT  EXTENDED  S.  SKIN 

H.P.E.  FOR  .250000E+00  SECS  .G3S3SSE-03  .G293B1E+01  .777BI7E+00 

0.0.  AT  LASER  APERTURE  .49  .00 

EXTINCTION  TURBULENCE- 

COEFFICIENT  STRONG  KEAK 

.1000E-12  .1000E-13  .1000E-14  .1000E-15  .1000E-16 


0.000  VACUUH 

UNPROTECTED  EYE  SEED  IS. 3 

EYE  0  D  AT  10.  N  .33 

.014  PURE  AIR 

UNPROTECTED  EYE  SEED  IS. 3 

EYE  0  D  AT  10.  H  .39 

.078  VERY  CLEAR 

UNPROTECTED  EYE  SEED  16.3 

EYE  0  D  AT  10.  N  .39 

.391  CLEAR  DAY 

UNPROTECTED  EYE  SEED  16.3 

EYE  0  D  AT  10.  H  .39 

.954  LIGHT  HAZE 

UNPROTECTED  EYE  SEED  16.2 

EYE  0  D  AT  10.  H  .39 

l.SEO  HAZE 

UNPROTECTED  EYE  SEED  16.1 

EYE  0  D  AT  10.  H  .39 

3.910  THIN  FOG 

UNPROTECTED  EYE  SEED  15.8 

EYE  0  D  AT  10.  H  .38 

7.820  LIGHT  FOG 

UNPROTECTED  EYE  SEED  15.3 

EYE  0  D  AT  10.  «  .38 

19.600  r.EDIUH  FOG 
UNPROTECTED  EYE  SEEO  14.1 

EYE  0  D  AT  10.  It  .31 

78.200  THICK  FOG 

UNPROTECTED  EYE  SEED  10.8 

EYE  0  D  AT  10.  H  .06 


16.3 

16.3 

16.3 

16.3 

.39 

.39 

.39 

.39 

16.3 

16.3 

16.3 

16.3 

.39 

.39 

.39 

.39 

16.3 

16.3 

16.3 

16.3 

.39 

.39 

.39 

.39 

16.3 

16.3 

16.3 

16.3 

.39 

.39 

.39 

.39 

16.Z 

16.2 

16.2 

16.2 

.39 

.39 

.39 

.39 

16.1 

16.1 

16.1 

16.1 

.39 

.39 

.39 

.39 

15.8 

15.8 

15.8 

15.8 

.38 

.38 

.38 

.38 

15.3 

15.3 

15.3 

15.3 

.38 

.36 

.36 

.36 

14.1 

14.1 

14.1 

14.1 

.31 

.31 

.31 

.31 

10.6 

10.6 

10.6 

10.6 

.06 

.06 

.06 

.06 

B-40.3.3 
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5 INGLE  PULSE  AIR-TO-GROUND  SAFE  DISTANCES 
EGLIN  AND  KIDLATITUDE,  SUKKER-CLEAR  DAY  ATK3SPHER1C  CONDITIONS 
AFOSH  DATA  (1972)  STANDARD  (1930)  EGLIN  SUMER  (1980) 


NAKED 

CLEAR 

NAKED 

CLEAR 

NAKED 

CLEAR 

EYE 

OAD 

EYE 

OAD 

EYE 

OAD 

ALT 

SED 

SED 

SED 

SED 

SED 

SED 

KH 

H 

n 

H 

II 

N 

H 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

3.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

5.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

6.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

7.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

8.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

9.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

10.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

11.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

12.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

13.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

14.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1S.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1G.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

17.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

18.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

19.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

20.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

NOTE-  ZERO  SED  INDICATES  NO  GROUND  INTERCEPT. 
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SINGLE  PULSE  AIR-TO-GROUND  SAFE  DISTANCES 
EGL1N  SEASONAL  ATMOSPHERIC  CONDITIONS 


WINTER  SPRING  -  FALL 


NAKED 

CLEAR 

NAKED 

CLEAR 

NAKED 

CLEAR 

EYE 

OAD 

EYE 

OAD 

EYE 

OAD 

ALT 

SED 

SED 

SEO 

SED 

SED 

SED 

KH 

N 

H 

n 

H 

H 

H 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.0 

C.O 

0.0 

0.0 

0.0 

0.0 

0.0 

2.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

3.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

5.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

G.O 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

7.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

e.o 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

9.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

10.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1J.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

12.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

13.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

14.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

15.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

16.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

17.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

18.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

19.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

20.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

NOTE-  ZERO  SED  INDICATES  NO  GROUND  INTERCEPT. 
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5 INGLE  PULSE  SAFE  DISTANCE  CURVES  FOR  HEIGHT  OF  2000.0  H 
EGLIN  AND  HI  PLATITUDE.  SUMER-CLEAR  DAY  ATHOSPHERIC  CONDITIONS 
AFOSH  DATA  (1972)  STANDARD  (1990)  EGLIN  SUHRER  (1380) 


NAKED 

CLEAR 

NAKED 

CLEAR 

NAKED 

CLEAR 

DEFL 

EYE 

OAO 

EYE 

OAD 

EYE 

OAD 

ANG 

SED 

SED 

SED 

SED 

SED 

SED 

DEG 

H 

H 

R 

H 

N 

H 

0.0 

15.9 

0.0 

16.3 

0.0 

16.3 

0.0 

13.0 

15.9 

0.0 

16.3 

0.0 

16.3 

0.0 

30.0 

15.9 

0.0 

16.3 

0.0 

16.3 

0.0 

<5.0 

15.8 

0.0 

16.3 

0.0 

16.3 

0.0 

EO.O 

15.6 

0.0 

16.3 

0.0 

16.3 

0.0 

75.0 

14.9 

0.0 

16.3 

0.0 

16.3 

0.0 

so.o 

16.4 

0.0 

16.3 

0.0 

16.3 

0.0 

105.0 

16.3 

0.0 

16.3 

0.0 

16.3 

0.0 

120.0 

16.3 

0.0 

16.3 

0.0 

16.3 

0.0 

125.0 

16.3 

0.0 

16.3 

0.0 

16.3 

0.0 

150.0 

16.3 

0.0 

16.3 

0.0 

16.3 

0.0 

165.0 

16.3 

0.0 

16.3 

0.0 

16.3 

0.0 

180.0 

16.3 

0.0 

16.3 

0.0 

16.3 

0.0 

NOTE-  TERKINATION  OF  THE  BEAN  BY  GROUND  INTERSECTION  IS 
INDICATED  BY  A  NEGATIVE  SED. 

SEDS  ARE  AL50  TE°HINATED  AT  A  21  KH  CEILING. 
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S INGLE  PULSE  SAFE  DISTANCE  CURVES  FOR  HEIGHT  OF  2000.0  H 
EGLIN  SEASONAL  ATMOSPHERIC  CONDITIONS 
WINTER  SPRING  FALL 


NAKED 

CLEAR 

NAKED 

CLEAR 

NAKED 

CLEAR 

DER 

EYE 

OAD 

EYE 

OAD 

EYE 

OAD 

AKG 

SED 

SED 

SEO 

SED 

SED 

SED 

DEG 

H 

H 

H 

H 

H 

R 

0.0 

16.3 

0.0 

16.3 

0.0 

16.3 

0.0 

15.0 

16.3 

0.0 

16.3 

0.0 

16.3 

0.0 

30.0 

16.3 

0.0 

16.3 

0.0 

16.3 

0.0 

<5.0 

16.3 

0.0 

16.3 

0.0 

16.3 

0.0 

60.0 

16.3 

0.0 

16.3 

0.0 

16.3 

0.0 

75.0 

16.3 

0.0 

16.3 

0.0 

16.3 

0.0 

SO.O 

16.3 

0.0 

16.3 

0.0 

16.3 

0.0 

105.0 

16.3 

0.0 

16.3 

0.0 

16.3 

0.0 

120.0 

16.3 

0.0 

16.3 

0.0 

16.3 

0.0 

135.0 

16.3 

0.0 

16.3 

0.0 

16.3 

0.0 

150.0 

16.3 

0.0 

16.3 

0.0 

16.3 

0.0 

165.0 

16.3 

0.0 

16.3 

0.0 

16.3 

0.0 

180.0 

16.3 

0.0 

16.3 

0.0 

16.3 

0.0 

NOTE-  TERMINATION  OF  THE  BEAM  BY  GROUND  INTERSECTION  IS 
INDICATED  BY  A  NEGATIVE  SED. 

SEDS  ARE  ALSO  TERMINATED  AT  A  21  KM  CEILING. 

STOP 

3E200  MAXIMUM  EXECUTION  FL. 

.652  CP  SECONDS  EXECUTION  TIME. 
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Example  4  shows  the  Intercom  commands  methodology  necessary 
to  execute  program  SEED4  twice,  and  produce  safe  distance  curve 
plots  from  program  LSDC1. 
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COMMAND-  ATTACH. DATAFL, I D=EN,PW=  Example  4 

AT  CY*  001 

COMMAND-  BEG I N » GET » DATAFL . LAZRCOF 
AT  CY=  014 
UPDATE  COMPLETE. 

COMMAND- 

COMMAND-  ATTACH, SEED4, ID=XY,PU» 

AT  CY=  001 

COMMAND-  CONNECT, INPUT. OUTPUT 
COMMAND-  SEED4 

LASER  SEED  MATRIX  COMPUTATION  PROGRAM 

ENTRY  OF  ALL  VALUES  MAY  BE  DECIMAL  OR  EXPONENTIAL,  AND  MAY 
BE  LOCATED  ANYWHERE  ON  THE  LINE.  THE  EXAMPLE  VALUES  ARE 
NOT  DEFAULT  VALUES,  WHICH  MEANS  THAT  AN  ENTRY  IS  REQUIRED 
FOR  EACH  QUERY. 

TYPE  IN  THE  LASER  MODEL 
TEST  CASE  FOR  SAFE  DISTANCE  CURVE  PLOTS 
WAVELENGTH  (NANOMTRS.) 

10G4. 

10G4. 

BEAM  DIAMETER  (CM) 

2.5 

2.5 

BEAM  DIVERGENCE  (RAD. -FULL  ANG. ) 

.000264 

.264E-3 

LASER  POWER  (JOULES) 

0.11 

.11 

EXPOSURE  DURATION  (SEC.) 

1.0 

.25 

PRF  (PPS) 

8.0 

8. 

SINGLE  PULSE  TIME  (SEC)  (0.0E-15  FOR  C.W.  LASERS) 

.23E-07 
. 23E-07 

ENTER  A  1  OR  2 

1  CALCULATES  THE  0  D  REQUIRED  FOR  A  GIVEN  DISTANCE. 

2  CALCULATES  THE  SAFE  DISTANCE  FOR  A  GIVEN  0  D. 

1 

DISTANCE  (M)  FROM  LASER  TO  VIEWER 

1000. 

1500. 

MAGNIFICATION  OF  THE  OPTICAL  AID  DEVICE.  (0.0  IF  NONE) 

7. 

0 

ENTER  AN  AIRCRAFT  HEIGHT  (M)  FOR  THE  SAFE  DISTANCE  CURVES 
2000.  (2000.  M  =  6562  FT) 

2000. 

ENTER  A  0  OR  1 

0  IF  YOU  WISH  TO  VIEW  ALL  RESULTS  REAL-TIME. 

1  TO  DISCONNECT  THE  FILE  -OUTPUT-  SO  THAT  RESULTS  MAY  BE  SELECTIVELY  PRINTED. 
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1 


STOp  Example  4  (cont’d) 

3B300  MAXIMUM  EXECUTION  FL. 

0.561  CP  SECONDS  EXECUTION  TIME. 

COMMAND-  FILES 
—LOCAL  FILES- 

TAPE  10  *DATAFL  LAZRCOF  *SEED4  $ INPUT 

OUTPUT  SEDINP 

COMMAND-  REWIND , TAPE 10 , LAZRCOF , SEED4 , SEDINP 

COMMAND-  RETURN, INPUT, DAT AFL 

COMMAND-  C0PYCF,TAPE10,TAPE25 

COMMAND-  RETURN, TAPE 10 

COMMAND-  EDITOR 

. .E, SEDINP, S 

.  .L,A 


100=  TEST  CASE  FOR  SAFE  DISTANCE  CURVE  PLOTS 


110= 

.  106400E+04 

WAVELENGTH 

120= 

.250000E+01 

BEAM  DIAM. 

130= 

.2640006-03 

DIVERGENCE 

140= 

.  1 10000E+00 

POWER 

150= 

. 250000E+00 

DURATION 

160= 

.800000E+01 

PRF 

170= 

.230000E-07 

PULSEWIDTH 

ieo= 

1 

OD-DIS  SEL 

190* 

. 150000E+04 

DISTANCE 

200= 

0. 

MAG  O.A.D. 

210= 

•200000E+04 

A-C  HEIGHT 

220= 

1 

OUTPUT  C-D 

.  ./.250000E+00/  =  /l . / , 150,M 
150=  1.  DURATION 


Y 

1  CHANGE(S) 

• • / . 800000E+01/  =  /20 . / , 1 GO ,  V 
160=  20.  PRF 

Y 

1  CHANGE(S) 

..S, SECOND, 0,N 
..B 

COMMAND-  RETURN, SEDINP 
COMMAND-  FILES 
—LOCAL  FILES- 

SECOND  LAZRCOF  *SEED4  OUTPUT  TAPE25 
COMMAND-  SEED4, SECOND 
STOP 

36500  MAXIMUM  EXECUTION  FL. 

0.536  CP  SECONDS  EXECUTION  TIME. 

COMMAND-  FILES 
—LOCAL  FILES— 

SEDINP  TAPE10  SECOND  LAZRCOF  *SEED4 
OUTPUT  TAPE25 
COMMAND-  COPYCF , TAPE10, TAPE25 
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Example  4  (cont'd) 


COMMAND-  REWIND. TAPE25 

COMMAND-  ATTACh, LSDC1. I D=XY,PW= 
AT  CY=  001 

COMMAND-  CONNECT, INPUT. 


COMMAND-  DISPOSE, OUTPUT, PR=CU1 
COMMAND-  CONNECT, OUTPUT 
COMMAND-  LSDC1 


LASER  SAFE  DISTANCE  CURVE  PLOT  PROGRAM  (RUN#  1)1 

ENTER  PLOT  TITLE  AND  UP  TO  3  LEGEND  DISCRIPTERS  (MAX  OF  70  CHARACTERS  EACH). 
ENTER  TITLE  (ENTER  STOP  TO  END  PROGRAM) 

?  TEST  CASE  FOR  LASER  SAFE  DISTANCE  CURVE  PLOTS 

TITLE2  TEST  CASE  FOR  LASER  SAFE  DISTANCE  CURVE  PLOTS 
ENTER  LEGEND < 1 )  (ENTER  0,  IF  NOT  APPLICABLE) 

?PRF  IS  EIGHT 

LEGEND ( 1  )2  PRF  IS  EIGHT 
ENTER  LEGEND(2)  (ENTER  0,  IF  NOT  APPLICABLE) 

?PRF  IS  TWENTY 

LEGEND (2) 2  PRF  IS  TWENTY 
ENTER  LEGENDO)  (ENTER  0,  IF  NOT  APPLICABLE) 

?0 

LEGEND<3)2  0 

ENTER  ATMOSPHERE  MODEL  NUMBER  TO  BE  PLOTTED  (l-G) 

?2 

ATMOSPHERE  MODEL  NUMBER2  2 
ENTER  TYPE  OF  PULSE  (1=SINGLE,  22MULTIPLE,  AND  3=CW> 

n 

TYPE  OF  PULSE2  2 

ENTER  VIEWING  TYPE  (1=NAKED  EYE  AND  2=0AD) 

?1 

VIEWING  TYPE2  1 

LASER  SAFE  DISTANCE  CURVE  PLOT  PROGRAM  (RUN#  2).*- 

ENTER  PLOT  TITLE  AND  UP  TO  3  LEGEND  DISCRIPTERS  (HAX  OF  70  CHARACTERS  EACH) 
ENTER  TITLE  (ENTER  STOP  TO  END  PROGRAM) 

7ST0P 

TITLE2  STOP 
STOP 

37600  MAXIMUM  EXECUTION  FL. 

0.154  CP  SECONDS  EXECUTION  TIME. 

FRAMES  SC4020  0000000000000004 

SC4020  RECORDS  0000000000000002 

4020  ROUTINE,  ERRORS  DETECTED 
2ERRLNV  0000000000000002 

=PLOTV  0000000000000002 

COMMAND-  FILES 
—LOCAL  FILES— 

SEDINP  TAPE10  SECOND  LA2RC0F  «SEED4 
TAPE25  *LSDC1  FILMPL 
COMMAND-  DISPOSE, FILMPL, FL2CU1 
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f 

'i 


TEST  CASE  FOR  LASER  SAFE  DISTANCE  CURVE 


•  is.  r i o<t 

•  IS  T^CNTY 


PLOTS 

UTATH:*  •O'jfl  IS  STA^IARO  I9B0 
rutSE  TYPf  IS  WJLTIPtC 
virwi*G  t yPZ  is  NA^fO  CyC 
LA^R  *.TIUCE  is  pooc  c  h.  •  0 


i 


B-40.4.4 


(Revised  03/01/82) 


TABLE  1.  PROTECTION  STANDARD  FOR  DETERMINING  A  MAXIMUM  PERMISSIBLE  EXPOSURE 
(MPE)  FOR  OCULAR  EXPOSURE  TO  POINT  SOURCES. 


Exposure 

Protection 

Wavelength 

,  * 

duration,  t 

standard 

(nm) 

(sec) 

( J/cm2)* 

200  <X< 

302.4 

10~2  £  t  <  6.05xl05 

3x1 0~3 

302.4  <X< 

311.25 

10‘2  <  t  <  6.05x10s 

2q(0.2  \  -63) 

311.25  <\< 

315 

10~2  <  t  <  T1 

0.56t1/4* 

Ti  <  t  <  6.05xl05 

10(0.2  X  -63) 

315  £X< 

400 

10~9  <  t  <  10 

0.56t1/4» 

10  <_  t  _<  6.05xl05 

1 

400  <X< 

550 

10“9  <t<  1.8xlO-5 

5xlO~7 

1.8xl0-5  <  t  <  10 

1.8t3/4lxlO-3 

10  <  t  <  1044 

10~2 

104*  <  t  <  3x10^ 

txl0~6 

550  <X< 

650 

10“9  jc  t<  1.8x10-5 

5xlO~7 

1.8x10-5  £t<  T2 

1 . 8t3/4,xl0-3 

T2  <  t  <  104* 

BxlO"2 

104*  <  ti  3X104* 

BtxlO-6 

650  <_\<_ 

700 

10-9  <  t<  1.8x10-5 

5xlO-7 

1.8x10-5  <  t  <  103 

1>8t3/4xlO-3 

103  <_  t  <  T2 

3.2X10-4* 

T2  <  t  <  1041 

CxlO"4* 

104*  <  ti  3X104* 

CtxlO-8 

700  <\<_ 

1400 

10"9  <  t  <  T3 

50xl0-7 

f 

T3  <  t<  103 

1.8Et3/4,xl0-3 

103  <  t  3X104* 

3.2EtxlO~4' 
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Table  1  (continued) 


Wavelength, 

Exposure 
duration,  t 

Protection 

standard 

(nm) 

(sec) 

( J/cm2)* 

1400  106 

10-9  <  t  <  10“7 

10-2 

10-7  j  t  <  10 

0.56t1/4 

10  _<  t  <_  3xl04 

O.lt 

A  =  1540 

10-9  _<  t  <  lO"7 

1 

10-7  <t  <  10"6 

56t*/* 

•For  400  <X<  1400, 

through  a  7  mm  pupil. 

protection  standard  is  based  on 

energy  into  the 

B  =  1  for  400  _<X<  S50 

10(0.015(  \  -550)) 

for 

550  <x<  650 

C  =  3.2xT2 

D  =  10<  A  -700)/360)  for  700 

<X<  1060 

10  for  1060  <A< 

1400 

E  =  1  for  400  <X< 

700 

10((  X-700)/515) 

for  700  <A<  1060 

5  for  1060  <*<. 

1400 

T1  =  0.01xl0<0-8  C  X- 

311.25))  for  3H.25  5.A<  315 

T2  =  10xl0(°-02(  A -550))  for  550  <X<  700 
T3  =  1.8xlO-5xlO^'1;5xlo"3(  A-700))  for  700  <A<  1060 

4.6xl0-5  for  1060  <*<  1400 
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TABLE  2.  PROTECTION  STANDARD  FOR  DETERMINING  A  MAXIMUM  PERMISSIBLE  EXPOSURE 
(MPE)  FOR  OCULAR  EXPOSURE  TO  EXTENDED  SOURCES. 


Wavelength, 

Exposure 
duration,  t 

Protection 

standard 

(nm) 

(sec) 

o 

(J/cm  sr  ] 

200  <X<  400 

10-9  <  t  <  6. 05x1 03 

• 

400  <X<  550 

io-9  <  t  <  10 

10t1/3 

10  <  t  <  104 

21 

10*<  t<  3x10^ 

2. ltxlO-3 

550  i.u  650 

IO*9  <  t  <  10 

10t1/3 

10  <_  t  <  T2 

3.83t3/4 

O 

H 

V 

v  1 

h- 

21B 

104  <.  t  <_  3X104 

2. lBtxlO-3 

650  <X<  700 

IO"9  <  t  <10 

ioti/3 

10  <_  t  <  103 

3.83t3/4 

103  i  t  <  T2 

0.64t 

T2  <  t  <  104 

F 

104  <  t  <  3xl04 

FtxlO"4 

o 

o 

V| 

K 

V 

o 

O 

io-9  <t<  10 

10Et1/3 

10  <  t  <  103 

3.83Et3/4 

103  <  t  <  3X104 

0.64Et 

1400  <X<  106 

10-9  <  t  <  3X104 

* 

X  =  1540 

io-9  <  t  <_  IO"6 

* 

*Use  ocular  point 
B,  E,  and  T2  are 

source  standard  of  Table  1. 
as  defined  in  Table  1. 

F  =  0.64xT2 
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TABLE  3.  PROTECTION  STANDARD  FOR  DETERMINING  A  MAXIMUM  PERMISSIBLE  EXPOSURE 
(MPE)  FOR  SKIN. 


Wavelength,  X 
(ntn) 


200  <X<  400 

400  £><  1400 


1400  <x±  106 

X  =  1540 


Exposure 
duration,  t 

(sec) 


10-9 


10-9 


lO"7 


10 


lO"9  ± 


1  t  6.05x10s 
i.t  <_  10~7 
<  t  <  10 
<t  ±  3x10* 
t  <  3x10* 


Protection 

standard 

( J/cra2) 


2x10-2e 

l.lt^E 


0.2tE 


*Use  ocular  point  source  standards  of  Table  1. 
E  is  defined  in  Table  1. 
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TABLE  4.  LIMITING  ANGULAR  SUBTENSE 


Exposure 

duration,  t  °min 

(sec) _ (mrad) 


IQ*9 

8.0 

GO 

1 

O 

H 

5.4 

io*7 

3.7 

IO*6 

2.5 

IO'5 

1.7 

1 

O 

H 

2.2 

IO*3 

3.6 

O 

l 

N> 

5.7 

io-1 

9.2 

l 

15.0 

10  or  greater 

24.0 

The  following  equations  can  be  used  to  generate  values  of  “min  given  the 
exposure  duration: 


Exposure  duration 
10*9  t  <  1.8x10*5  sec 
1.8x10*5  ^  t  10  sec 
t  >  10  sec 

Sources  with  angles  greater  than 


“min 

“min  =  0.244t~0-l68mrad 
“min  *  I4.9t^*2°7mrad 
“min  =  24  mrad 

“min  should  be  treated  as  extended  sources. 
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TABLE  5.  EFFECTIVE  EXPOSURE  DURATIONS  AND  CONVERSION  FACTORS  FOR  DETERMINING 
THE  MPE  FOR  MULTIPLE  RJLSE  EXPOSURES 

The  nultiple  pulse  MPE  equals  the  least  of:  the  MPE  based  on  the  pulsewidth 
criteria  or  the  MPE  based  on  the  pulse  train  criteria.  The  MPE  is  the  product 
of  the  appropriate  conversion  factor  and  the  protection  standards  (Tables  1,  2 
and  3)  which  correspond  to  the  applicable  exposure  duration  given  below. 


Wavelength,  * 

(nm) 

Pulsewidth, 

(sec) 

PW 

Pulse 

Separation,  PS 
(sec) 

200  lx<  400 

10~2  <  PW 

PS  <  6.05x10s 

6.05x10s  <  PS 

400  1060 

10-9  je  PW  _< 

10*5 

PS<  0.004 

0.004  _5  PS<  1.0 

1.0  ^  PS 

10*5  <  p#  < 

1.0  <  PW 

1.0 

PS  <  1.0 

1.0  s  PS 

PS  c  2x10s 

2x10s  «  PS 

1060  <X<  106 

10“9  <  PW  < 

10-5  <  pW 

10*5 

PS  <  0.004 

0.004  <  PS  <  1.0 

1.0  <  PS 

PS  «  1.0 

1.0  «  PS 
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Table  5  (continued) 


Pulse 

Separation,  PS 
(sec) 

Pulsewidth, 

criteria 

Pulse  train 
criteria 

•Applicable 

exposure 

duration 

Conversion 

factor 

•Applicable 

exposure 

duration 

Conversion 
f  actor 

PS  <  6.05x10s 

- 

- 

TOT 

1/N 

6.05xl05  <  PS 

PW 

1.0 

- 

- 

PS  <  0.004 

PW 

0.06 

TL 

1/N 

0.004  _<  PS  <1.0 

PW 

PS0- 5 

TL 

1/N 

1.0  _<  PS 

PW 

1.0 

- 

- 

PS  <1.0 

- 

- 

TOT 

1/N 

1.0  _<  PS 

PW 

1.0 

- 

- 

PS  <  2x10s 

- 

- 

TOT 

1/N 

2x10s  _<  PS 

PW 

1.0 

- 

- 

PS  <  0.004 

PW 

0.06 

TL 

1/N 

0.004  _<  PS  <1.0 

PW 

PS0-5 

TL 

1/N 

1.0  _<PS 

PW 

1.0 

- 

- 

PS  <  1.0 

- 

- 

TOT 

1/N 

1.0  _5  PS 

PW 

1.0 

- 

- 

PS  =  (1/PRF)  -  PW  for  simple  pulse  trains.  PS°-S  is  a  unitless  conversion 
factor,  with  PS  in  seconds. 

PRF  =  Pulse  repetition  frequency. 

TOT  =  Total  on  time.  For  simple  periodic  pulses  TOT  =  PW  x  N. 

N  =  lumber  of  pulses  in  the  train(s).  For  simple  periodic  pulses 
N  =  PRFx(TL-PW)+l  =  PRFxTL. 

TL  =  Length  of  the  pulse  train(s). 

•Applicable  exposure  duration  is  that  exposure  duration  to  be  used  in 
determining  a  single  exposure  MPE  that  must  be  multiplied  by  the  appropriate 
conversion  factor  to  obtain  the  MPE,  in  terms  of  (joules/cm<) /pulse,  for  a 
multiple  pulse  exposure. 
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Table  6 

Categorization  Criteria 
1.  Lasers  Radiating  as  Point  Sources 


Category  200nro  <_X<  400nm 


400nm  <X<  700nm 


* 

AF 

CAT  A 

Ht  <  MPE(N) 

(MaxT  <  7  days 

op  — 

HT(PW)  -  MPEPW 

* 

AF 

CAT  B 

None 

Ht  >  MPE 
(PW  >  0.25sec) 

and 

Ht  <  2 . 6xl0-3PW 
(PW  >  0 . 25sec) 

AF 

CAT  C 

Ht  >  MPE(N) 

Ht  >  MPE 

(MaxTQp  <_  7  days 

(PW  <  0 . 25sec) 

i  1  i 

or 

t 

J 

r  i 

Ht  >  2 . 6xl0_ 3PW 

| 

(PW  >  0 . 2 5 sec) 

i 

and 

and 

i 

*H  <  10 

*H  <  10 

(t  <_  0.25sec) 

(t  <_  0.25sec) 

: 

or 

or 

■ 

H  <  40  t 

H  <  40  t 

Ht 

—  max 

—  max 

V 

(t__v  >  0.25sec) 

( ^ „  >  0.25sec) 

■ 

max 

max 

1 

and 

■ 

H  <ir  MPE_„_ 

H 

-  EXT 

ft 

(PW  0 . 25sec) 

1 

or 

ft  ' 

H  <  25ir  PW 

ft 

(PW  >  0 . 2 5 sec) 

*  For  radiant  exposure  H  marked  by  *  use  total  energy 
accumulated  in  0.25sec. 
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Table  6  (continued) 


Category  200nm  <_\  <  400nm  400nm  <_\<^  700nm 


AF  CAT  D  A  point  source  laser  is  an  AF  CAT  D  laser  if 
(a)  the  emission  characteristics  for  AF  CAT  C 
lasers  are  exceeded  but  the  laser  does  not 
qualify  as  an  AF  CAT  E  laser,  (b)  the  emission 
characteristics  are  unknown,  or  (c)  the  MPE  is 
unknown 


AF  CAT  E 


Category 


AF  CAT  A 


A  point  source  laser  is  an  AF  CAT  E  laser  if 
Q  >  3x10^  (for  t  <  1.5sec)  or  Q  >  2x10^  t  (for 


t  >  1 . 5sec)  . 


700nm  <X<  14Q0nm 


1400nm  <X<  10  nm 


HT(PW)  -  MPEPW 


HT(PW)  -  MPEPW 


AF  CAT  B  None 


None 


AF  CAT  C 


»T  > 


MPE 


(PW) 


and 

*H  .1  10 
(t’~<  0.25sec) 


or 


H  <  40  t 


(t  > 
'  max 


max 

0 . 25sec) 


and 

HPW  -v  ^peext 


H„ 


>  MPE 


(PW) 


and 

*H  <  10 
(t  <  0.25sec) 


or 


H  <  40  t 


(tmax  > 


max 

0 . 25sec) 


AF  CAT  D  A  point  source  laser  is  an  AF  CAT  D  laser  if  (a) 
the  emission  characteristics  for  AF  CAT  C  laser 
does  not  qualify  as  an  AF  CAT  E  laser,  (b)  the 
emission  characteristics  are  unknown,  or  (c)  the 
MPE  is  unknown. 


*ibid 
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Table  6  (continued) 


Category  200nm  <\<  1400nm  1400nm  <X<  106nm 


AF  CAT  E  A  point  source  laser  is  an  AF  CAT  E  laser  if  Q 
_>  3xl04  (for  t  <_  1.5sec)  or  Q  >  2xl04  t  (for  t 
>  1 . 5sec)  . 
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AFOSH  STANDARD  161-10,  APPENDIX  IV 


IV-25 


TABLE  7.  ATMOSPHERIC  EXTINCTION  COEFFICIENTS* 

Extinction  Coefficients  p(cm"*) 

Midlatitude  Summer  -  Clear  Day  (23  km  Visibility) 


WAVELENGTH 


H(km) 

337.1  nm 

488.0  nm 

514.5  nm 

632.8  nm 

694.3  nm 

860  nm 

0 

3.22  E-6 

1.95  E-6 

1.83  E-6 

1.46  E-6 

1.96  E-6 

1.07  E-6 

0-1 

2.39  E-6 

1.35  E-6 

1.26  E-6 

9.85  E-7 

1.40  E-6 

7.18  E-7 

1-2 

1.39  E-6 

6.69  E-7 

6.15  E-7 

4.58  E-7 

7.10  E-7 

3.22  E-7 

2-3 

9.68  E-7 

3.62  E-7 

3.23  E-7 

2.21  E-7 

3.63  E-7 

1.45  E-7 

3-4 

7.51  E-7 

2.33  E-7 

2.03  E-7 

1.25  E-7 

1.92  E-7 

7.49  E-8 

4-5 

6.42  E-7 

1.83  E-7 

1.57  E-7 

9.19  E-8 

1.19  E-7 

5.08  E-8 

5-6 

5.64  E-7 

1.53  E-7 

1.31  E-7 

7.39  E-8 

7.96  E-8 

3.92  E-8 

6-7 

5.01  E-7 

1.33  E-7 

1.13  E-7 

6.32  E-8 

6.11  E-8 

3.27  E-8 

7-8 

4.54  E-7 

1.23  E-7 

1.05  E-7 

5.91  E-8 

5.30  E-8 

3.12  E-8 

8-9 

4.12  E-7 

1.14  E-7 

9.70  E-8 

5.59  E-8 

4.77  E-8 

3.02  E-8 

9-10 

3.72  E-7 

1.04  E-7 

8.92  E-8 

5.20  E-8 

4.35  E-8 

2.85  E-8 

10-11 

3.35  E-7 

9.51  E-8 

8.17  E-8 

4.81  E-8 

3.98  E-8 

2.68  E-8 

11-12 

3.03  E-7 

8.79  E-8 

7.59  E-8 

4.55  E-8 

3.75  E-8 

2.60  E-8 

12-13 

2.74  E-7 

8.11  E-8 

7.04  E-8 

4.30  E-8 

3.55  E-8 

2.50  E-8 

13-14 

2.43  E-7 

7.33  E-8 

6.38  E-8 

3.95  E-8 

3.28  E-8 

2.34  E-8 

14-15 

2.14  E-7 

6.58  E-8 

5.76  E-8 

3.64  E-8 

3.04  E-8 

2.19  E-8 

15-16 

1.89  E-7 

5.89  E-8 

5.17  E-8 

3.32  E-8 

2.79  E-8 

2.04  E-8 

16-17 

1.69  E-7 

5*36  E-8 

4.74  E-8 

3.10  E-8 

2.62  E-8 

1.94  E-8 

17-18 

1.51  E-7 

4.93  E-8 

4.38  E-8 

2.92  E-8 

2.50  E-8 

1.87  E-8 

18-19 

1.33  E-7 

4.35  E-8 

3.87  E-8 

2.61  E-8 

2.23  E-8 

1.67  E-8 

19-20 

1.15  E-7 

3.54  E-8 

3.14  E-8 

2.09  E-8 

1.78  E-8 

1.33  E-8 

*McClatchey,  R.  A.,  Fenn,  R.  W.,  Selby,  J.  E.  A.,  Volt,  F.  E.,  and  Garing,  J.  W. 
(1972)  Optical  Properties  of  the  Atmosphere  (Third  Ed),  AFCRL-72-0497,  ERP  411. 
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AFOSH  STANDARD  161-10,  APPENDIX  IV 

Table  7  (continued) 

Extinction  Coefficients  p  (cm"1) 

Midlatitude  Summer  -  Clear  Day  (23  km  Visibility) 


WAVELENGTH 


H(km) 

1.06 

pm 

1.336  pm 

3.392  pm 

10.591  pm 

27.90  pm 

337. ( 

)  pm 

0 

8.85 

E-7 

6.47 

E-7 

1.86 

E-5 

3.68 

E-6 

3.00  E-4 

2.03 

E-4 

0-1 

5.89 

E-7 

4.30 

E-7 

1.81 

E-5 

3.32 

E-6 

3.00  E-4 

1.60 

E-4 

1-2 

2.60 

E-7 

1.89 

E-7 

1.71 

E-5 

1.91 

E-6 

3.00  E-4 

9.66 

E-5 

2-3 

1.14 

E-7 

8.16 

E-8 

1.65 

E-5 

1.16 

E-6 

3.00  E-4 

5.58 

E-5 

3-4 

5.67 

E-8 

3.93 

E-8 

1.60 

E-5 

7.64 

E-7 

3.00  E-4 

2.87 

E-5 

4-5 

3.74 

E-8 

2.54 

E-8 

1.54 

E-5 

5.58 

E-7 

3.00  E-4 

1.50 

E-5 

5-6 

2.81 

E-8 

1.87 

E-8 

1.54 

E-5 

4.50 

E-7 

3.00  E-4 

7.17 

E-6 

6-7 

3.32 

E-8 

1.53 

E-8 

1.46 

E-5 

3.77 

E-7 

3.00  E-4 

3.97 

E-6 

7-8 

2-24 

E-8 

1.48 

E-8 

1.52 

E-5 

3.04 

E-7 

2.95  E-4 

2.17 

E-6 

8-9 

2.18 

E-8 

1.45 

E-8 

1.41 

E-5 

2.40 

E-7 

1.32  E-4 

1.12 

E-6 

9-10 

2.08 

E-8 

1.40 

E-8 

1.43 

E-5 

1.97 

E-7 

5.77  E-5 

5.72 

E-7 

10-11 

1.97 

E-8 

1.33 

E-8 

1.40 

E-5 

1.59 

E-7 

2.33  E-5 

2.75 

E-7 

11-12 

1.93 

E-8 

1.31 

E-8 

1.39 

E-5 

1.26 

E-7 

5.87  E-6 

8.43 

E-8 

12-13 

1.88 

E-8 

1.28 

E-8 

1.37 

E-5 

9.73 

E-8 

1.16  E-6 

2.05 

E-8 

13-14 

1.76 

E-8 

1.21 

E-8 

1.34 

E-5 

8.52 

E-8 

2.78  E-7 

5.44 

E-9 

14-15 

1.68 

E-8 

1.16 

E-8 

1.36 

E-5 

8.88 

E-8 

1.28  E-7 

2.50 

E-9 

15-16 

1.57 

E-8 

1.09 

E-8 

1.28 

E-5 

8.66 

E-8 

8.51  E-8 

1.64 

E-9 

16-17 

1.51 

E-8 

1.05 

E-8 

1.20 

E-5 

8.53 

E-8 

6.37  E-8 

1.23 

E-9 

17-18 

1.45 

E-8 

1.02 

E-8 

1.14 

E-5 

8.63 

E-8 

4.67  E-8 

9.03 

E-10 

18-19 

1.31 

E-8 

9.23 

E-9 

1.09 

E-5 

8.70 

E-8 

3.84  E-8 

7.30 

E  - 10 

19-20 

1.04 

E-8 

7.26 

E-9 

1.00 

E-5 

9.04 

E-8 

3.18  E-8 

5.89 

E-10 
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APPENDIX  C 


C. 1  Laser  Threshold  Level  Program,  LTLP 

Program  LTLP  is  an  interactive  program  designed  to  provide 
a  quick-look  estimate  of  the  distance  from  a  high  energy  laser 
at  which  a  given  energy  density  (threshold  level)  occurs.  The 
distances  are  calculated  for  vacuum  and  clear-day  (extinction 
coefficient  of  .088  urn)  cases  only. 

The  mathematics  utilized  by  program  LTLP  are  as  follows: 


be 


=  ?  /  T, 


where 

.  o 

Aj_)e  is  the  area  of  the  beam  at  the  threshold  level  (cm  ) 
Po  is  the  laser  output  power  (Joules) 

2 

Tl  is  the  user-specified  energy  density  (J/cm  ) 


and, 

(4  Abe/n) 55  -  db 

R  _  =  tan  4 

cm 

where 

Rcm  is  the  vacuum  case  distance  (cm) 
db  is  the  beam  aperture  diameter  (cm) 

<j>  is  the  full  angle  of  divergence  (radians) 

The  sea-level  calculation  of  distance  utilizes  the  iterative 
procedure  outlined  in  Section  B.1.3  (pgs.  B-20  to  B-24) ,  and  t ~  loy 
values  of  .088  and  1.0  for  the  attenuation  coefficient  and  maximum 
permissible  exposure  level  (respectively)  in  those  equations. 

A  sample  execution  of  program  LTLP  follows: 


C-l 


COMMAND-  CONNECT  r INPUT , OUTPUT 
COMMAND-  ATTACH, LTLP1 . ID*XY, PW* 

AT  CY=  001 
COMMAND-  LTLP1 
ENTER  WAVELENGTH (NM) 

710S00 

ENTER  BEAM  DIAMETER (CM) ,  DIVERGENCE (RAD) 

72.5. . 0002 

ENTER  5  LASER  OUTPUT  POWERS! J> 

750.100 

l  0  r  0 . 0 

APERTURE  ENERGY  DENSITIES  ARE- 
. 101859E+02  . 20371 BE+02  0.  0.  0. 

ENTER  5  ENERGY  LEVELS (J/SGCM) 

79. . 15. .0.0.0 


WAVELENGTH*  .106000E+05 

BEAM  DIAMETER*  .250000E+01  DIVERGENCE*  .200000E-03 


POWER  OUTPUT  IS  .500000E+02  JOULES- 
VACUUM  CASE 

FOR  A  THRESHOLD  LEVEL  OF  .900000E+01  J/SGCM,  THE  RANGE  IS  .7S8076E+01  MTRS. 
SEA-LEVEL,  CLEAR  DAY  CASE 

FOR  A  THRESHOLD  LEVEL  OF  .900000E+01  J/SGCM,  THE  RANGE  IS  .793435E+01  MTRS. 
VACUUM  CASE 

FOR  A  THRESHOLD  LEVEL  OF  .150000E+02  J/SQCM,  THE  RANGE  ISO.  MTRS. 

SEA-LEVEL,  CLEAR  DAY  CASE 

FOR  A  THRESHOLD  LEVEL  OF  .150000E+02  J/SGCM,  THE  RANGE  ISO.  MTRS. 


POWER  OUTPUT  IS  .100000E+03  JOULES- 
VACUUM  CASE 

FOR  A  THRESHOLD  LEVEL  OF  .900000E+01  J/SGCM,  THE  RANGE  IS 
SEA-LEVEL,  CLEAR  DAY  CASE 

FOR  A  THRESHOLD  LEVEL  OF  .900000E+01  J/SGCM,  THE  RANGE  IS 
VACUUM  CASE 

FOR  A  THRESHOLD  LEVEL  OF  .150000E+02  J/SQCM,  THE  RANGE  IS 
SEA-LEVEL,  CLEAR  DAY  CASE 

FOR  A  THRESHOLD  LEVEL  OF  .150000E+0Z  J/SGCM,  THE  RANGE  IS 
STOP 

21100  MAXIMUM  EXECUTION  FL. 

0.057  CP  SECONDS  EXECUTION  TIME. 


.S30S32E+02  MTRS. 
.625471E+02  MTRS. 
.20G731E+0Z  MTRS. 
.205416E+0Z  MTRS. 
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C.1.1  Threshold  Level  Safe  Eye  Distance 

If  the  assumptions  are  made  that  (a)  the  threshold  level 
energy  density  is  applicable  to  a  surface  that  absorbs  none  of 
the  transmitted  radiation  (100%  reflectivity) ;  (b)  the  surface 

is  non-curved,  and  sufficiently  large  to  surround  the  beam;  and 
(c)  the  direction  of  the  reflected  beam  is  not  pertinent,  then 
program  SEED4  may  be  used  to  calculate  the  safe  eye  distance  from 
the  assumed  surface. 

The  methodology  for  determining  this  safe  eye  distance 
is  as  follows; 

1.  Calculate  the  power  of  the  beam  at  the  surface: 


A 


b 


n  ( 


db.  2 


P 


e 


*  T 


L 


where 

db  =  the  beam  diameter  (cm) 

2 

A^  =  area  of  the  beam  aperature  (cm  ) 

2 

Tt  =  the  user-specified  energy  density  (J/cm  ) 

Li 

2.  Execute  program  SEED4 ,  substituting  the  Pe  value 

calculated  above  for  the  laser  power. 

The  safe  eye  distances  produced  by  SEED4 ,  executed  in  this 
manner,  indicate  the  distances  from  the  assumed  surface  at  which  eyes 
are  not  hazarded.  The  aperture  OD,  printed  on  Page  2  of  the  results, 
denotes  the  optical  density  requirement  at  the  assumed  surface,  with 
the  stipulation  that  eyes  protected  by  this  OD  are  not  directed  along 
the  laser  beam. 
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